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A b s t r a c t
The p h o s p h a t i d y 1 i n o s i t o l  ( P I )  s i g n a l  t r a n s d u c t i o n  sys tem ,  
i n v o l v i n g  a g o n i s t - s t i m u l a t e d  h y d r o l y s i s  o f  membrane 
p h o s p h a t i d y l i n o s i t o l  4 , 5 - b i s p h o s p h a t e  ( P I P 2 ) t o  p roduce  t h e  
sec o n d a ry  messengers i n o s i t o l  1 , 4 , 5 - t r i s p h o s p h a t e  ( I P 3 ) and 
d i a c y 1g l y c e r o l , has been w e l l  e s t a b l i s h e d  in  mammalian 
c e l l s .  The p r i m a r y  aim o f  t h i s  p r o j e c t  was t o  d e t e r m in e  
w h e th e r  a P I  t r a n s d u c t i o n  sys tem  e x i s t e d  in  t h e  y e a s t  
Saccharomyces c e r e v i s i ae,  and i f  i t  d i d ,  t o  d e t e r m i n e  t o  
which  " a g o n i s t "  i t  was r e s p o n s i v e .
Based on t h e  work o f  K a ib u c h i  e t  a 7. ( 1986 ) ,  who r e p o r t e d  
i n c r e a s e d  I P 3 p r o d u c t i o n  in  respo nse  t o  g lu c o s e  s t i m u l a t i o n ,  
r e s e a r c h  was based around t h r e e  o b j e c t i v e s :  t o  d e t e c t  t h e  
p r e s e n c e ,  s y n t h e s i s  and d e g r a d a t i o n  o f  I P 3 .
I t  was n o t  p o s s i b l e  t o  c o n f i r m  t h e  f i n d i n g s  o f  K a ib u c h i  e t  
a 7. ( 1 9 8 6 ) ,  b u t  t h e  same m ethodo logy  was used t o  d e m o n s t r a t e  
t h e  breakdown o f  r a d i o l a b e l l e d  i n o s i t o l  p h o s p h o l i p i d s  t o  
t h e i r  d e a c y l a t e d  p r o d u c t s  in  respo nse  t o  g l u c o s e -  
s t i m u l a t i o n ,  p resu m a b ly  as a f u n c t i o n  o f  p h o s p h o l ip a s e  A 
a c t i v i t y .  I P 3 was n o t  i s o l a t e d  f ro m  y e a s t  t h r o u g h o u t  t h e  
p r o j e c t  b u t  i t  was p o s s i b l e  t o  e x t r a c t  m a t e r i a l s  t h a t  co­
e l u t e d  w i t h  known s t a n d a r d s  o f  I P 2 , IP-| and G P I . The u p ta k e  
o f  t r i t i a t e d  i n o s i t o l  was d e m o n s t r a t e d .  E x t r a c t e d  l i p i d s  
were th e n  s e p a r a t e d  and r a d i o a c t i v i t y  was shown t o  be 
i n c o r p o r a t e d  i n t o  t h e  membrane p h o s p h o i n o s i t i d e s . E v id e n c e  
i s  p r o v i d e d  t o  d e m o n s t r a t e  t h e  p r e s e n c e  o f  an i n o s i t o l
o
phosphate d e g r a d a t io n  pathway, exogenous H - I P 3 being  
s e q u e n t i a l l y  dephosphory 1 a te d  t o  I P 2 , IP-j and i n o s i t o l .  I P 3 
k in a s e  a c t i v i t y  was a ls o  dem onstra ted ,  w i t h  th e  p r o d u c t io n
3
o f  I P 4 f rom  H - I P 3 . The a t t e m p t e d  c o n v e r s i o n  o f  exogenous  
P I P 2 t o  I P 3 u s in g  a y e a s t  c e l l  p r e p a r a t i o n  was u n s u c c e s s fu l  
and no t u r n o v e r  was se e n .
I f  t h e  P I  sys tem  has a n c i e n t  o r i g i n s ,  i t  may be p r e s e n t  i n  
s i m p l e  e u k a r y o t e s  a l b e i t  w i t h  d i f f e r e n t  f u n c t i o n s .  R e s u l t s  
s u g g e s te d  t h e  p r e s e n c e  o f  a t r a n s d u c t i o n  s ys te m ,  b u t  one i n  
w hich  I P 3 d i d  n o t  n e c e s s a r i l y  p l a y  a m a jo r  r o l e .
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1 .1  C e l l  t o  C e l l  S i g n a l l i n g
No c e l l  l i v e s  i n  i s o l a t i o n  ( D a r n e l l  e t  a 7 . ,  1 9 8 6 ) .  The  
e v o l u t i o n  o f  m u l t i c e l  1u l a r  o rg an ism s  has depended on t h e  
a b i l i t y  o f  c e l l s  t o  communicate  w i t h  each o t h e r .  
Comm unicat ion  between c e l l s  i s  r e q u i r e d  t o  r e g u l a t e  t h e i r  
d e v e lo p m e n t  and o r g a n i z a t i o n  i n t o  t i s s u e s ,  t o  c o n t r o l  t h e i r  
grow th  and d i v i s i o n ,  and t o  c o o r d i n a t e  t h e i r  d i v e r s e  
a c t i v i t i e s  ( A l b e r t s  e t  a l . ,  1 9 8 3 ) .
C e l l s  a r e  t h o u g h t  t o  communicate  i n  3 d i f f e r e n t  ways:  ( 1 )  
t h e y  s e c r e t e  c h e m i c a l s  t h a t  s i g n a l  t o  c e l l s  some d i s t a n c e  
away; ( 2 ) t h e y  d i s p l a y  p lasm a-m em brane-bound s i g n a l l i n g  
m o le c u le s  t h a t  i n f l u e n c e  t h o s e  c e l l s  t h a t  make d i r e c t  
p h y s i c a l  c o n t a c t ;  and ( 3 )  t h e y  fo rm  gap j u n c t i o n s  t h a t  j o i n  
t h e  c y to p la s m s  o f  i n t e r a c t i n g  c e l l s .
Some s i g n a l s  in d u c e  a m o d i f i c a t i o n  in  t h e  a c t i v i t y  o f  one o r  
more enzymes a l r e a d y  p r e s e n t  i n  t h e  t a r g e t  c e l l .  T h i s  t y p e  
o f  r e a c t i o n  a l l o w s  t h e  c e l l  t o  respond q u i c k l y .  Most  
s i g n a l l i n g  m o le c u l e s  t h a t  in d u c e  such r a p i d  changes a r e  
w a t e r  s o l u b l e  and b in d  t o  r e c e p t o r s  l o c a t e d  i n  t h e  p lasm a  
membrane. O t h e r  s i g n a l l i n g  m o l e c u l e s  p r i m a r i l y  a l t e r  t h e  
p a t t e r n  o f  gene e x p r e s s i o n .  These m o le c u l e s  a r e  g e n e r a l l y  
l i p i d  s o l u b l e  and in d u c e  s l o w e r ,  l o n g e r  l a s t i n g  r e s p o n s e s .
The a b i l i t y  o f  a c e l l  t o  respond t o  a p a r t i c u l a r  
e x t r a c e l 1u l a r  s i g n a l l i n g  m o l e c u l e  depends on i t s  h a v in g
s p e c i f i c  p r o t e i n s ,  v i z  r e c e p t o r s ,  t h a t  b in d  t h e  s i g n a l l i n g  
m o l e c u l e .  C e l l  s u r f a c e  r e c e p t o r s  a c t  as " m o l e c u l a r  a n t e n n a e "  
( B e r r i d g e  and I r v i n e ,  198 4 )  and scan t h e  e n v i r o n m e n t  f o r  
c a r r i e r s  o f  i n f o r m a t i o n  such as hormones,  g ro w th  f a c t o r s  and  
n e u r o t r a n s m i t t e r s  which  a r e  t r a n s m i t t e d  a c r o s s  t h e  c e l l  
membrane ( M a j e r u s  e t  a 7 . ,  198 6 )  t o  be t r a n s d u c e d  and  
a m p l i f i e d  i n t o  i n t e r n a l  s i g n a l s .  The respo nse  o f  a c e l l  t o  a 
group o f  hormones i s  d i c t a t e d  both  by t h e  s e t  o f  r e c e p t o r s  
i t  possesses  and by t h e  i n t r a c e l 1u l a r  r e a c t i o n s  i n i t i a t e d  by 
t h e  b i n d i n g  o f  any one hormone t o  i t s  r e c e p t o r s  ( D a r n e l l  e t  
a 7 . ,  1 9 8 6 ) .
The g r e a t  m a j o r i t y  o f  c e l  1 - s u r f a c e  r e c e p t o r s  t h a t  b in d  
h y d r o p h i l i c  s i g n a l l i n g  m o l e c u l e s  a r e  t h o u g h t  t o  und ergo  a 
c o n f o r m a t i o n a l  change when t h e y  b in d  t o  a l i g a n d  a t  t h e  c e l l  
e x t e r i o r .  T h i s  change l e a d s  t o  t h e  g e n e r a t i o n  o f  an 
i n t r a c e l l u l a r  s i g n a l  t h a t  a l t e r s  t h e  b e h a v i o u r  o f  t h e  t a r g e t  
c e l l .  The i n t r a c e l 1u l a r  s i g n a l l i n g  m o le c u le  i s  r e f e r r e d  t o  
as a second m ess enger ,  t h e  f i r s t  messenger  b e in g  t h e  
e x t r a c e l 1u l a r  l i g a n d  i t s e l f  ( B e r r i d g e ,  1 98 7a ,  1989;  H o k in ,  
1 9 8 5 ) .
C e l l - s u r f a c e  r e c e p t o r s  a r e  known t o  g e n e r a t e  i n t r a c e l 1u l a r  
s i g n a l s  in  one o f  two ways.  Some systems i n v o l v e  t h e  
a c t i v a t i o n  o r  i n a c t i v a t i o n  o f  a p iasma-membrane bound 
enzyme.  The enzyme may t h e n  c a t a l y s e  t h e  p r o d u c t i o n  o f  an 
i n t r a c e l l u l a r  m e d i a t o r  w h ic h  a c t s  as a second messenger  
s i m p l y  as a r e s u l t  o f  i t s  i n c r e a s e  i n  c o n c e n t r a t i o n  e . g .  
a d e n y l a t e  c y c l a s e  and c y c l i c  AMP, o r  by p h o s p h o r y 1a t i n g
c e l l u l a r  p r o t e i n s  e . g .  e p id e r m a l  grow th  f a c t o r .  O t h e r  
sys tem s open o r  c l o s e  g a te d  ion  c h a n n e ls  i n  t h e  p lasm a  
membrane. The g e n e r a t e d  s i g n a l  can e i t h e r  a l t e r  t h e  v o l t a g e  
a c r o s s  t h e  p lasm a membrane e . g .  n e u r o t r a n s m i t t e r s ,  o r  c au se  
a l a r g e  i n f l u x  o f  io n s  i n t o  t h e  c y t o s o l ,  so i n i t i a t i n g  a 
c e l l u l a r  re sp o n se  e . g .  c a l c i u m  c h a n n e l s .
I n  most r e c e p t o r - 1 i g a n d  s y s te m s ,  t h e  l i g a n d  a p p e a r s  t o  have  
no f u n c t i o n  o t h e r  th a n  b i n d i n g  t o  t h e  r e c e p t o r .  The l i g a n d  
i s  n o t  m e t a b o l i z e d  ( a l t h o u g h  i t  may be d e g ra d e d  by t h e  
t a r g e t  c e l l ) ,  i s  n o t  an a c t i v e  i n t e r m e d i a t e  i n  c e l l u l a r  
a c t i v i t y  and has no en z y m ic  p r o p e r t i e s .  I t s  s o l e  f u n c t i o n  i s  
t o  m o d i fy  t h e  c h a r a c t e r i s t i c s  o f  t h e  r e c e p t o r  and a l e r t  i t  
t o  t h e  p r e s e n c e  o f  a s p e c i f i c  p r o d u c t  i n  t h e  e n v i r o n m e n t  
( D a r n e l l  e t  a 7 . ,  1986;  A l b e r t s  e t  a 7 . ,  1 9 8 3 ) .
1.2 Signal Transduction and_tha..InositQl-BhosphQl i p ids
The n o t i o n  t h a t  e u k a r y o t e  c e l l  b e h a v i o u r  i s  g ov erned  by 
s i g n a l l i n g  sys tem s w h ic h  t r a n s d u c e  e x t e r n a l l y  a r r i v i n g  
i n f o r m a t i o n  i n t o  a s m a l l  number o f  s e c o n d a ry  m essengers  
( B e r r i d g e  and I r v i n e ,  1 9 8 4 )  has been a c c e p t e d  s i n c e  t h e  
1 9 5 0 ’ s .  I n  t h i s  decade t h e  most w e l l  known second m essenger ,  
c y c l i c  a d e n o s in e  monophosphate  (cAMP) was d i s c o v e r e d  and was 
f o u n d  t o  be s y n t h e s i z e d  by a d e n y l a t e  c y c l a s e  in  re sp o n se  t o  
e x t r a c e l l u l a r  s t i m u l a t i o n .  I t  was l a t e r  r e v e a l e d  t h a t  
a d e n y l a t e  c y c l a s e  was n o t  d i r e c t l y  a c t i v a t e d ,  b u t  r e q u i r e d  a 
GTP b i n d i n g  p r o t e i n  i n  t h e  c e l l  membrane and t h u s  t h e  b a s is  
o f  t ransm em brane  s i g n a l l i n g  systems was e s t a b l i s h e d .
I n o s i t o l  l i p i d s  a r e  a n i o n i c  membrane p h o s p h o l i p i d s  t h a t  
c o n t a i n  t h e  c y c l i c  p o l y a l c o h o l  m y o - i n o s i t o l  i n  t h e i r  head  
g roup s ,  a t t a c h e d  v i a  t h e  h y d ro x y l  on t h e  1 p o s i t i o n  t o  a 
pho sphate  ( B e r r i d g e ,  19 8 1 a ,  1984;  H a w th o rn e ,  1964;  H aw thorne  
and W h i t e ,  1 9 7 5 )  ( F i g .  1 . 1 ) .  The m e t a b o l is m  o f  t h e s e  
p h o s p h o l i p i d s  was fo u n d  t o  be a f f e c t e d  by hormones ( H o k i n  
and H o k in ,  19 5 3 ,  1 9 5 5 ) .  The m u s c a r i n i c  c h o l i n e r g i c  r e c e p t o r  
a g o n i s t ,  a c e t y l c h o l i n e ,  s e l e c t i v e l y  i n c r e a s e d  t h e
oo
i n c o r p o r a t i o n  o f  P-j  i n t o  two m in or  p lasm a membrane
p h o s p h o l i p i d s  o f  t h e  p a n c r e a s  (Hughes e t  a 7 . ,  1990 ;  Hughes
and P u tn e y ,  1 9 9 0 ) .  However ,  i t  was n o t  u n t i l  1975 t h a t
M ic h e l  1 ( 1 9 7 5 )  s u g g e s t e d  t h a t  r e c e p t o r - s t i m u l a t e d  i n o s i t o l
l i p i d  h y d r o l y s i s  somehow c o u p le s  t h e  a c t i v a t i o n  o f  r e c e p t o r s
?+t o  an i n c r e a s e  i n  c y t o s o l i c  c a l c i u m  ion  (Ca ) 
c o n c e n t r a t i o n .  The s t i m u l a t e d  m e ta b o l is m  was a s s o c i a t e d  w i t h  
r e c e p t o r  f u n c t i o n  and t h o s e  a g o n i s t s  t h a t  r a i s e  
i n t r a c e l 1u l a r  c a l c i u m  ( M i c h e l l ,  1975;  D u r r e l l  e t  a 7 . ,  196 9 )  
and i t  l a t e r  became c l e a r  t h a t  a s t i m u l a t e d  c a t a b o l i s m  o f  
i n o s i t o l - 1 i p i d s  o c c u r s  i n  many d i f f e r e n t  c e l l s  i n  resp o n se  
t o  a w ide  ra n g e  o f  e x t e r n a l  s i g n a l s  (Downes and M i c h e l l ,  
1982;  B e r r i d g e ,  1984;  B e r r i d g e  and I r v i n e ,  1984;  Hughes e t  
a 7 . ,  1990;  M a j e r u s ,  1 9 9 2 )
Mammalian c e l l s  c o n t a i n  t h r e e  i n o s i t o l  p h o s p h o l i p i d s  -  
p h o s p h a t i d y l i n o s i t o l  ( P I ) ;  p h o s p h a t i d y l i n o s i t o l  4 - p h o s p h a t e  
( P I P )  and p h o s p h a t i d y l i n o s i t o l  4 , 5 - b i s p h o s p h a t e  ( P I P 2 ) ,  
commonly known c o l l e c t i v e l y  as t h e  p h o s p h o i n o s i t i d e s  ( F i g .  
1 . 1 ) .  These p h o s p h o l i p i d s  undergo r a p i d  i n t e r c o n v e r s i o n s  
c a t a l y s e d  by s p e c i f i c  k i n a s e s  and p h o sphom ono esterases












PI 4 -P  PI 4 ,5 -P 2
{ P j  = Phospha te  group
F i g .  1 . 1 .  M y o - I n o s i t o l  and t h e  P h o s p h o i n o s i t i d e s
PI 4 - P ,  P h o s p h a t i d y l i n o s i t o l  4 - P h o s p h a t e  
PI  4 , 5 - P 2 » P h o s p h a t i d y l i n o s i t o l  4 , 5 - B is p h o s p h a t e
6(Downes e t  a 7 . ,  1 9 8 9 ) .  P I P 2 > a q u a n t i t a t i v e l y  m in o r  l i p i d  
c o n f i n e d  m a i n l y  t o  t h e  i n n e r  l e a f l e t  o f  t h e  p lasm a membrane 
( B e r r i d g e ,  1 9 8 7 a )  i s  formed by t h e  2 - s t a g e  p h o s p h o r y l a t i o n  
o f  P I .  P I  k i n a s e  p h o s p h o r y l a t e s  t h e  h y d r o x y l  on t h e  4 
p o s i t i o n  o f  t h e  i n o s i t o l  head group w i t h  an a d e n o s in e  
t r i p h o s p h a t e  (ATP) d e r i v e d  pho spha te  group t o  fo rm  P I P .  T h i s  
i s  f u r t h e r  p h o s p h o r y l a t e d  a t  t h e  5 p o s i t i o n  by P IP  k i n a s e  t o  
g i v e  P I P 2 ( H a w th o r n e  and P i c k a r d ,  1979;  Downes and M i c h e l l ,
1 9 8 2 ) .  The c o n v e r s i o n  o f  P I  t o  t h e  p o l y p h o s p h o i n o s i t i d e s  can  
be r e v e r s e d  by two phosphom onoesterases  t h a t  s p e c i f i c a l l y  
remove p h o s p h a te s  f ro m  t h e  4 -  and 5 -  p o s i t i o n s .  The 
d i s t r i b u t i o n  o f  t h e  ph o sp h a te  groups in  t h e  i n o s i t o l  r i n g s  
o f  P IP  and P I P 2 was e s t a b l i s h e d  by Grado and B a l l o u  ( 1 9 6 1 )  
and T o m l in s o n  and B a l l o u  ( 1 9 6 1 ) .
Hormones and n e u r o t r a n s m i t t e r s  t h a t  use c a l c i u m  as a second  
messenger  s p e c i f i c a l l y  h y d r o l y s e  membrane p h o s p h o i n o s i t i d e s  
( B e r r i d g e ,  198 4 )  and a v a s t  a r r a y  o f  i n f o r m a t i o n  has been  
c o l l e c t e d  do c u m en t in g  t h e  a g o n i s t s  t h a t  a c t  i n  many 
d i f f e r e n t  c e l l  t y p e s  t o  augment i n o s i t i d e  m e t a b o l is m ,  
c a u s in g  t h e  d e p l e t i o n  o f  membrane P I  ( M i c h e l l ,  1975 ,  1979;  
B e r r i d g e ,  19 8 0 ,  1981b ,  1983;  M i c h e l l  and K i r k ,  1981;  M i c h e l l  
e t  a l . ,  1981;  P u tn e y ,  1981;  I r v i n e  e t  a 7 . ,  1 9 8 2 ) .
S u b s t a n t i a l  e v i d e n c e  was a l s o  a c q u i r e d  t o  show t h a t  many o f  
t h e  same a g o n i s t s  c o u ld  a l s o  s t i m u l a t e  t h e  d i s a p p e a r a n c e  o f  
t h e  p o l y p h o s p h o i n o s i t i d e s  r e p r e s e n t e d  by P IP  and P I P 2 
( D u r r e l l  e t  a l . ,  1968;  A b d e l - l a t i f  e t  a l . ,  1977;  A k h t a r  and 
A b d e l - l a t i f ,  1980;  K i r k  e t  a l . ,  1981a;  Downes and M i c h e l l ,
1982;  B e r r i d g e ,  1 9 8 3 ) .  Such a p e r t u r b a t i o n  o f  membrane 
p h o s p h o l i p i d s  was t h o u g h t  t o  r e p r e s e n t  a f u n d a m e n ta l  
t r a n s d u c t i o n  mechanism t h a t  r e s u l t e d  i n  t h e  m o b i l i z a t i o n  o f  
c a l c i u m ,  t h e  a c t i v a t i o n  o f  p r o t e i n  k i n a s e  C, t h e  r e l e a s e  o f  
a r a c h i d o n i c  a c i d  and s t i m u l a t i o n  o f  g u a n y l a t e  c y c l a s e  t o  
fo rm  c y c l i c  g u a n o s in e  monophosphate (cGMP) ( B e r r i d g e ,  1 9 8 4 ) .  
A c h a r a c t e r i s t i c  f e a t u r e  o f  t h i s  s i g n a l  t r a n s d u c t i o n  system  
i s  t h e  r e c e p t o r  m e d ia t e d  h y d r o l y s i s  o f  p h o s p h o i n o s i t i d e s  t o  
g i v e  two p r o d u c t s  -  s n - 1 , 2  d i a c y l g l y c e r o l  (DAG) and i n o s i t o l  
1 , 4 , 5 - t r i s p h o s p h a t e  ( I P 3 ) ( D u r r e l l  e t  a  7 . ,  1969;  A b d e l - l a t i f  
e t  a 1 . ,  1977;  A k h t a r  and A b d e l - l a t i f ,  1980;  B e r r i d g e ,  1984 ,  
1987a ,  1989;  B e r r i d g e  and I r v i n e ,  1989;  Hughes and P u tn e y ,  
1 9 9 0 ) .  B e r r i d g e  ( 1 9 8 7 b )  s t a t e s  t h a t  t h e  f a c t  t h a t  I P 3 i s  
produced f o l l o w i n g  r e c e p t o r  s t i m u l a t i o n  p r o v i d e s  u n e q u iv o c a l  
e v i d e n c e  t h a t  P I P 2 i s  t h e  l i p i d  used i n  t h e  r e c e p t o r  
mechanism. T h i s  i s  e x p l a i n e d  be low .
1 . 3  Components o f  S i g n a l  T r a n s d u c t i o n
The t r a n s d u c t i o n  u n i t  w i t h i n  t h e  p lasm a membrane c o n s i s t s  o f  
t h r e e  main components:  ( 1 ) a r e c e p t o r  t h a t  d e t e c t s  t h e  
incom ing  s i g n a l ;  ( 2 )  a G - p r o t e i n  t h a t  s e r v e s  t o  c o u p le  t h e  
r e c e p t o r  t o  t h e  t h i r d  component ,  and ( 3 )  t h e  
p h o s p h o d i e s t e r a s e  r e s p o n s i b l e  f o r  c l e a v i n g  t h e  l i p i d  
p r e c u r s o r  ( B e r r i d g e ,  1 9 8 7 a ) .  P I P 2 i s  h y d r o ly s e d  by a 
s p e c i f i c  p h o s p h o d i e s t e r a s e  ' p h o s p h o l ip a s e  C ’ i n  t h e  p re s e n c e  
o f  a G - p r o t e i n  ( M a j e r u s  e t  a l . ,  1986 ,  1988;  B e r r i d g e  and 
I r v i n e ,  1 9 8 4 )  ( F i g .  1 . 2 )  t o  p rodu ce  DAG and I P 3 w h ich  both  




















F i g .  1 . 2 .  The Proposed Ro le  o f  I n o s i t o l  T r i s p h o s p h a t e  as an 
I n t r a c e l l u l a r  Second Messenger
A g o n is ts  b ind  t o  e x t e r n a l  r e c e p t o r s  (R-j)  t o  s t i m u l a t e  t h e  
h y d r o l y s i s  o f  P I P 2 t o  form d i a c y 1g l y c e r o l  (DAG) and i n o s i t o l  
t r i s p h o s p h a t e  ( I P 3 ) .
The l a t t e r  may have a number o f  second messenger f u n c t i o n s ,  
one o f  which i s  t o  b ind  t o  a s p e c i f i c  r e c e p t o r  (R^)  on t h e  
endop lasm ic  r e t i c u l u m  t o  r e l e a s e  c a l c i u m .  The a c t i o n  o f  I P 3 
i s  c u r t a i l e d  by an i n o s i t o l  t r i s p h o s p h a t a s e  which removes a 
phosphate  f rom  t h e  5 - p o s i t i o n  t o  fo rm  I P 2 .
a,  P h o s p h a t i d y l i n o s i t o l  k in a s e
b, P IP  k in a s e
PDE P h o s p h o d ie s te r a s e  ( P h o s p h o l ip a s e  C)
91.3,1 Phospholipase C
The b e s t  c h a r a c t e r i z e d  mammalian p h o s p h o l ip a s e s  C show 
c o n s i d e r a b l e  s p e c i f i c i t y  to w a rd  i n o s i t o l - c o n t a i n i n g  
p h o s p h o l i p i d s ,  b u t  t h e  t e r m  r e f e r s  t o  any enzyme c l e a v i n g  
t h e  d i a c y l g l y c e r o l - p h o s p h a t e  bond o f  a g l y c e r o p h o s p h o l i p i d  
(Downes e t  a l . , 1 9 8 9 ) .  A c t i v a t i o n  o f  p h o s p h o l i p a s e  C (PLC)  
i s  w i d e l y  acknow ledged t o  be t h e  s i t e  o f  r e c e p t o r - r e g u l a t i o n  
o f  i n o s i t o l  p h o s p h o l i p i d  m e t a b o l is m .  The t e r m  PLC d e f i n e s  a  
h e te r o g e n e o u s  group o f  enzymes t h a t  can be d i s t i n g u i s h e d  
im m u n o l o g i c a l l y  (Ryu e t  a 7 . ,  1 9 8 6 ) ,  by t h e i r  s u b c e l l u l a r  
d i s t r i b u t i o n s  ( I r v i n e ,  1982;  Downes and M i c h e l l ,  1 9 8 5 )  and  
by p h y s io c h e m ic a l  p r o p e r t i e s  (Low e t  a 7 . ,  1 9 8 4 ) .  Assays o f  
v a r i o u s  form s o f  PLC have shown h y d r o l y s i s  o f  P I ,  P IP  and 
P I P 2 , w i t h  t h e  p r e f e r r e d  s u b s t r a t e  d ep en d in g  on t h e  a s s ay  
c o n d i t i o n s  ( I r v i n e  e t  a 7 . ,  1984a;  W i ls o n  e t  a 7 . ,  1 9 8 4 ) .  
W h ic h e v e r  i n o s i t o l - p h o s p h o l i p i d  i s  d e g ra d e d ,  t h e  head group  
may be r e l e a s e d  e i t h e r  w i t h  a m onoeste r  p h o s p h a te  i n  t h e  D-1 
p o s i t i o n  o r  as t h e  c o r r e s p o n d i n g  1 : 2  c y c l i c  p h o s p h a te  e s t e r  
(Dawson and C l a r k e ,  1 9 7 2 ) .  D u r r e l l  e t  a7 .  ( 1 9 6 9 )  f i r s t  
p r o v i d e d  e v i d e n c e  f o r  PLC a c t i v a t i o n  by d e m o n s t r a t i n g  
a c c u m u la t i o n  o f  i n o s i t o l  p h o sp h a tes  in  c h o l i n e r g i c a l l y -
o
s t i m u l a t e d  synaptosomes t h a t  had been l a b e l l e d  w i t h  H-  
i n o s i t o l ,  b u t  e a r l y  e x p e r i m e n t s  c o u ld  n o t  d e t e r m i n e  between  
d i r e c t  h y d r o l y s i s  o f  a l l  t h r e e  p h o s p h o i n o s i t i d e s , s p e c i f i c  
h y d r o l y s i s  o f  one p h o s p h o i n o s i t i d e  w i t h  t h e  o t h e r s  b e in g  
consumed d u r i n g  r e s y n t h e s i s  o r  s i m u l t a n e o u s  h y d r o l y s i s  o f  
P I P 2 and P IP  w i t h  P I  consumed d u r i n g  t h e i r  r e s y n t h e s i s  
( M i c h e l l  e t  a 7 . ,  1981;  A b d e l - l a t i f ,  1983;  Downes and
10
M ic h e l  1, 1 9 8 2 ) .
The mode o f  a c t i o n  was n o t  e l u c i d a t e d  u n t i l  s i m p le  and 
r e p r o d u c i b l e  methods w ere  d e v e lo p e d  f o r  t h e  d e t e c t i o n  and 
s e p a r a t i o n  o f  t h e  w a t e r - s o l u b l e  p h o sp h a tes  r e l e a s e d  by PLC 
a c t i v i t y  (Downes and M i c h e l l ,  1981;  B e r r i d g e  e t  a l . ,  1982 ,
1 9 8 3 ) .  These methods were  enhanced by t h e  d i s c o v e r y  t h a t  
l i t h i u m  i n h i b i t s  t h e  a c t i v i t y  o f  i n o s i t o l - 1- p h o s p h a t a s e  
( A l l i s o n ,  1978;  H a l l c h e r  and Sherman, 1 9 8 0 ) ,  and c o u ld  
p e n e t r a t e  many d i f f e r e n t  c e l l  sys tems ( B e r r i d g e  e t  a l . ,  
1 9 8 2 ) ,  so p r e v e n t i n g  t h e  h y d r o l y s i s  o f  I n s ( 1 ) P - j .  By 
i n h i b i t i n g  t h e  c o n v e r s i o n  o f  In s ( 1 ) P - |  t o  i n o s i t o l  (and  
I n s ( 1 , 4 ) P 2 t o  I P i ) l i t h i u m  g r e a t l y  a m p l i f i e s  t h e  
a c c u m u la t i o n  o f  i n o s i t o l  p ho spha tes  d u r i n g  a g o n i s t  
s t i m u l a t i o n  o f  t i s s u e s  both  i n  v i t r o  and i n  v i v o  ( B e r r i d g e  
e t  a l . ,  1982;  Sherman e t  a l . ,  1981 ,  1 9 8 5 ) .  The use o f  such  
t e c h n i q u e s  p r o v i d e d  d i r e c t  e v i d e n c e  f o r  t h e  r a p i d  a p p e a ra n c e  
o f  I n s ( 1 , 4 , 5 ) P 3 i n  s t i m u l a t e d  c e l l s  ( B e r r i d g e ,  1984;
B e r r i d g e  and I r v i n e ,  1984;  Burgess e t  a l . ,  1 9 8 5 )  and 
p r o v i d e d  t h e  e x p e r i m e n t a l  b a s i s  f o r  p i n p o i n t i n g  t h e  
s u b s t r a t e  s p e c i f i c i t y  o f  r e c e p t o r - s e n s i t i v e  PLC.
S u bsequ ent  i n v e s t i g a t i o n s  i n v o l v i n g  r a d i o a c t i v e  l a b e l l i n g  o f  
t h e  p h o s p h o i n o s i t i d e s  showed t h a t  P I P 2 breakdown o c c u rs  
r a p i d l y ,  and i s  u s u a l l y  d e t e c t a b l e  w i t h i n  5 seconds o f  t h e  
i n i t i a t i o n  o f  hormonal s t i m u l a t i o n  (C r e b a  e t  a l . ,  1983;
W eiss  e t  a l . ,  1982;  Downes and M i c h e l l ,  1 9 8 5 ) .  I n  g e n e r a l ,  
w i t h i n  1 m i n u t e ,  t h e  P I P 2 c o n c e n t r a t i o n  has rea c h e d  a new 
s t e a d y - s t a t e ,  between 50% and 80% o f  t h e  c o n t r o l  v a l u e .  The
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l e v e l  o f  t h e  s t e a d y - s t a t e  i s  presumed t o  r e f l e c t  t h e  
r e l a t i v e  a c t i v i t i e s  o f  t h e  h o r m o n e - s e n s i t i v e  PLC and t h e  
enzymes t h a t  d e t e r m i n e  t h e  P I P 2 c o n c e n t r a t i o n  in  an 
u n s t i m u l a t e d  c e l l .  The r a p i d  breakdown o f  P I P 2 i s  u s u a l l y ,  
b u t  n o t  a l w a y s ,  accompanied by t h e  d i s a p p e a r a n c e  o f  P IP  
( C r e b a  e t  a l . ,  1 9 8 3 ) ,  however  no d e t e c t a b l e  f a l l  i n  c e l l u l a r  
P I  c o n t e n t  i s  g e n e r a l l y  o b s e rv e d  u n t i l  a few m in u te s  o f  
e x p o s u re  t o  t h e  hormone have e l a p s e d  ( K i r k  e t  a l . ,  1981b;  
M a r t i n ,  1 9 8 3 ) .
An a l t e r n a t i v e  t h e o r y  p roposed by M a je r u s  e t  a l .  ( 1 9 8 5 )  
s u g g e s te d  t h a t  P I P 2 may be h y d r o ly s e d  i n i t i a l l y ,  b u t  
p r o lo n g e d  s t i m u l a t i o n  may i n v o l v e  P I  h y d r o l y s i s  t o o .  T h i s  
would  a l l o w  f o r  t h e  p r o d u c t i o n  o f  1 ,2 -DAG w i t h o u t  t h e  
s im u l t a n e o u s  p r o d u c t i o n  o f  I P 3 . E v id e n c e  t o  s u p p o r t  t h i s  
t h e o r y  was p r o v i d e d  by G r i e n d l i n g  e t  a l .  ( 1 9 8 6 ) ,  b u t  
c o n s i d e r i n g  DAG m e ta b o l is m  and I P 3 m e ta b o l is m  proce ed  by 
i n d e p e n d e n t  p a th w a y s ,  i t  may n o t  be unusua l  t o  see DAG 
a c c u m u l a t i o n  w i t h o u t  I P 3 dep en d in g  on t h e i r  r e s p e c t i v e  r a t e s  
o f  f o r m a t i o n  and d e g r a d a t i o n .
1 . 3 . 2  The G - P r o t e i n
A f a m i l y  o f  G - p r o t e i n s  o r  ' G T P - b i n d i n g ’ p r o t e i n s  on t h e  
i n n e r  f a c e  o f  t h e  p lasm a membrane a r e  r e s p o n s i b l e  f o r  
t r a n s d u c i n g  s i g n a l s  a c r o s s  c e l l  membranes ( N e e r  and C lapham,  
1988;  B e r r i d g e ,  1987b ,  1 9 8 7 c ) .  The c l a s s i c  exam ple  b e in g  t h e  
s t i m u l a t o r y  G - p r o t e i n  (Gs ) w h ich  c o u p le s  r e c e p t o r s  t o  
a d e n y l a t e  c y c l a s e .  The G - p r o t e i n  i n v o l v e d  i n  i n o s i t o l  l i p i d
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t r a n s d u c t i o n  seems t o  d i f f e r  f ro m  t h e  above and has been  
a b b r e v i a t e d  t o  Gp , w i t h  t h e  s u b s c r i p t  p r e f e r r i n g  t o  
p h o s p h o l i p i d  ( C o c k r o f t  and G om per ts ,  1 9 8 5 ) .  I n  an 
u n s t i m u l a t e d  s t a t e  Gp i s  p r o b a b l y  bound t o  GDP, b u t  once a  
r e c e p t o r  i s  o c c u p ie d  i t  und ergoes  a c o n f o r m a t i o n a l  change  
w hich  i s  t r a n s m i t t e d  t o  Gp , c a u s in g  a l o s s  o f  GDP and an 
enhanced a f f i n i t y  f o r  GTP a c t i n g  f ro m  w i t h i n  t h e  c e l l .  The  
a r r i v a l  o f  GTP i n i t i a t e s  t h e  " o n - r e a c t i o n " , r e d u c in g  t h e  
a f f i n i t y  o f  t h e  r e c e p t o r  f o r  t h e  l i g a n d  w h i l e  s i m u l t a n e o u s l y  
a c t i v a t i n g  t h e  PLC t o  h y d r o l y s e  P I P 2 . The o f f  r e a c t i o n  
o c c u r s  when t h e  t r a n s d u c t i o n  p r o c e s s  i s  t e r m i n a t e d  by t h e  
h y d r o l y s i s  o f  GTP t o  GDP by t h e  GTPase a c t i v i t y  a s s o c i a t e d  
w i t h  Gp ( B e r r i d g e ,  1 9 8 7 c ) .  Gp has n o t  been i d e n t i f i e d  and 
i t s  r e l a t i o n s h i p  t o  o t h e r  G - p r o t e i n s  i s  n o t  known. Wakelam  
e t  a 7. ( 1 98 6 )  p ropo sed  t h a t  Gp may re s e m b le  o r  be t h e  
p r o d u c t  o f  t h e  r a s  oncogene .  When NIH 3T3 c e l l s  were  
t r a n s f o r m e d  w i t h  t h e  N - r a s  p r o t o - o n c o g e n e ,  i t  a p p e a re d  t h a t  
Gp was l i m i t i n g  f o r  i n o s i t o l  pho sp h a te  p r o d u c t i o n  under  
normal c o n d i t i o n s .  The e x p r e s s i o n  o f  r a s  how eve r ,  i n c r e a s e d  
th e  a b i l i t y  o f  r e c e p t o r s  t o  a c t i v a t e  t h e  p h o s p h o i n o s i t i d a s e .  
I t  i s  u n l i k e l y  th o u g h  t h a t  t h e  Gp p r o t e i n  t h a t  c o u p le s  
r e c e p t o r s  t o  p h o s p h o l ip a s e  C i s  encoded by a r a s  p r o t o ­
oncogene,  because  t h e n  Gp would  be v e r y  d i f f e r e n t  f ro m  t h e  
many o t h e r  G - p r o t e i n s  w h ich  a r e  homologous h e t e r o t r i m e r s ; 
the  r a s  p r o t e i n s  a r e  s i n g l e  p o l y p e p t i d e s  and p r o b a b l y  have  
an u n r e l a t e d  b u t  n o v e l  f u n c t i o n  ( A l b e r t s  e t  a 7 . ,  1983;
Bourne and S t r y e r ,  1992;  L e f k o w i t z ,  1 9 9 2 ) .  The e v i d e n c e  t h a t  
Gp f u n c t i o n s  i n  s i g n a l  t r a n s d u c t i o n  i s  based p r i m a r i l y  on 
the o b s e r v a t i o n  t h a t  t h e  breakdown o f  P I P 2 t o  I P 3 and DAG
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can be s t i m u l a t e d  by t h e  a d d i t i o n  o f  n o n - h y d r o l y z a b l e  
g u a n in e  n u c l e o t i d e  a n a lo g u e s  t o  e i t h e r  p e r m e a b i 1 i z e d  c e l l s  
o r  t o  i s o l a t e d  membranes. Gp was a l s o  shown t o  be f l u o r i d e  
a c t i v a t e d ,  a common f a c t o r  i n  G - p r o t e i n s .  F l u o r i d e  io n s  
i n h i b i t  t h e  GTP-ase component  and l e a v e  G - p r o t e i n s  in  t h e i r  
a c t i v e  c o n f o r m a t i o n .  Gp r e a c t e d  i n  t h e  same way as o t h e r  
known G - p r o t e i n s  (B la c k m o r e  e t  a 7 . ,  1985;  S t r a n d  and Wong, 
1 9 8 5 ) .
Second Messenger Metabol ism
A key f e a t u r e  in  t h e  i n o s i t o l  l i p i d  s i g n a l l i n g  system  i s
t h a t  bo th  p r o d u c t s  o f  P I P 2 h y d r o l y s i s  f u n c t i o n  as second
m ess en g ers ,  t h u s  f o r m i n g  a b i f u r c a t i n g  s i g n a l  pathway f o r
t r a n s f e r r i n g  i n f o r m a t i o n  i n t o  t h e  c e l l  ( B e r r i d g e ,  1 9 8 7 a ) .
W a te r  s o l u b l e  I n s ( 1 , 4 , 5 ) P 3 i s  r e l e a s e d  i n t o  t h e  c y t o s o l  and
m o b i l i z e s  c a l c i u m  f ro m  t h e  microsomes o f  t h e  e n d o p la s m ic
r e t i c u l u m  (ER) ( B e r r i d g e ,  1983 ,  198 7a ,  1989;  B e r r i d g e  and
I r v i n e ,  1984 ,  1989;  S t r e b  e t  a l . ,  1 9 8 3 ) .  C a lc iu m  i s
c o n s t a n t l y  c y c l i n g  a c r o s s  t h e  ER membrane w i t h  I P 3 a c t i n g  t o
s t i m u l a t e  t h e  p a s s i v e  e f f l u x  component w i t h o u t  a l t e r i n g  t h e
c a l c i u m  pump. I t  i s  l i k e l y  t h a t  I P 3 opens a c a l c i u m  c h a n n e l
when bound t o  a p u t a t i v e  r e c e p t o r  ( B e r r i d g e ,  1 9 8 7 b ) .  The
n e u t r a l  DAG re m a in s  i n  t h e  p l a n e  o f  t h e  p lasm a membrane and
s t i m u l a t e s  p r o t e i n  p h o s p h o r y l a t i o n  v i a  t h e  a c t i o n  o f  p r o t e i n
k i n a s e  C ( N i s h i z u k a ,  198 3 ,  198 4a ,  1984b ,  1988;  T a k a i  e t  a l . ,
1 9 8 2 ) .  P r o t e i n  k i n a s e  C (PKC) r e q u i r e s  t h e  p r e s e n c e  o f  DAG, 
?+Ca^ and p h o s p h o l i p i d  f o r  a c t i v a t i o n  ( K i s h i m o t o  e t  a l . ,  
1 9 8 0 ) .  DAG i s  t h o u g h t  t o  i n c r e a s e  t h e  a f f i n i t y  o f  PKC f o r
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c a l c i u m  r e l e a s e d  i n t o  t h e  c y t o s o l ,  and t r a n s p o r t e d  v i a  t h e
c a l c i u m  b i n d i n g  p r o t e i n  c a l m o d u l i n .  N i s h i z u k a  ( 1 9 8 6 )  showed
9 +t h a t  DAG d e c re a s e s  t h e  Ca r e q u i r e m e n t s  f o r  PKC 7n v i t r o  t o  
l e v e l s  found in  c y t o s o l s  o f  r e s t i n g  c e l l s ,  s u g g e s t in g  t h a t  
an i n c r e a s e d  c a l c i u m  c o n c e n t r a t i o n  was n o t  r e q u i r e d .  However  
i n v i t r o  s t u d i e s  may n o t  r e p r e s e n t  t h e  b e h a v i o u r  i n  v i v o , 
and a c t i v a t i o n  o f  c e r t a i n  PKC isoenzymes may r e q u i r e  
d i f f e r e n t  c a l c i u m  l e v e l s .  I n  mammalian c e l l s ,  PKC a c t i v i t i e s  
r e p r e s e n t  s e v e r a l  d i s c r e t e  isoenzymes -  a ,  | 3 j ,  | 3 j j  and r 
w ere  i s o l a t e d  by s c r e e n i n g  DNA l i b r a r i e s  and t h r e e  o t h e r s  
( 5 ,  e and ? ) were  found  i n  r a t  b r a i n  c e l l s  (S imon e t  a l . ,  
1991;  N i s h i z u k a ,  1 9 8 8 ) .  E x p e r i m e n t a l l y  PKC can a l s o  be 
a c t i v a t e d  by d e r i v a t i v e s  o f  DAG, p ho rb o l  e s t e r s  and i n  some 
c e l l s ,  t h e  e n t r y  o f  c a l c i u m  th r o u g h  v o l t a g e - d e p e n d e n t  
c h a n n e l s ,  b u t  when both  l im b s  o f  t h e  s i g n a l  pa thw ay  a r e
9 +a c t i v a t e d  DAG and Ca^ p r o b a b l y  a c t  s y n e r g i s t i c a l 1y t o  
a c t i v a t e  t h e  enzyme ( B e r r i d g e ,  1 9 8 7 a ) .
The h a l l m a r k  o f  t h i s  i n o s i t o l  l i p i d  s i g n a l l i n g  sys tem  i s  
t h a t  t h e r e  i s  a b i f u r c a t i o n  in  t h e  f l o w  o f  i n f o r m a t i o n  -  one  
l im b  o f  t h e  pathway depends on DAG a c t i v a t i n g  PKC t o  
p h o s p h o r y l a t e  s p e c i f i c  c e l l u l a r  p r o t e i n s ,  w h ereas  t h e  o t h e r  
pathw ay  depends on c a l c i u m  which a c t s  t h r o u g h  c a l m o d u l i n  t o  
p h o s p h o r y l a t e  a second group o f  p r o t e i n s .  The b i f u r c a t i o n  
p r o v i d e s  t h e  v e r s a t i l i t y  n e c e s s a r y  t o  i n t r o d u c e  s u b t l e  
v a r i a t i o n s  in  t h e  c o n t r o l  mechanism. The dua l  s i g n a l  
h y p o t h e s i s  c o n cern s  t h e  way in  w h ich  I P g / C a 2 *  and DAG/PKC 
pathw ays  may c o n t r i b u t e  t o  t h e  f i n a l  res p o n s e  by a c t i n g  
e i t h e r  c o - o p e r a t i v e l y  o r  s y n e r g i s t i c a l 1y . The r e l a t i v e
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im p o r ta n c e  o f  each pathw ay  may a l s o  v a r y  w i t h  t i m e ,  t h e
Ox
I ? 2 / C a  pa thw ay  p l a y s  a m a jo r  and d i r e c t  r o l e  i n  i n i t i a t i n g  
c e l l u l a r  re s p o n s e s  w hereas  t h e  DAG/PKC pathw ay  p r e d o m i n a n t l y  
m o d u la te s  e i t h e r  t h e  c a l c i u m - s i g n a l l i n g  pathw ay  o r  o t h e r  
s i g n a l  p a th w a y s ,  b u t  may a l s o  c o n t r i b u t e  t o  t h e  f i n a l  
r e s p o n s e .  I t  i s  a l s o  p o s s i b l e  t h a t  some a g o n i s t s  may be a b l e  
t o  s t i m u l a t e  one l im b  o f  t h e  s i g n a l  pathway b u t  n o t  a f f e c t  
t h e  o t h e r .
U l t i m a t e l y ,  i t  i s  e s s e n t i a l  t o  r e s y n t h e s i z e  t h e  l i p i d  
p r e c u r s o r  ( P I P 2 ) so t h a t  t h e  t u r n o v e r  c y c l e  may c o n t i n u e .
The two p r o d u c t s  fo rm ed  d u r i n g  P I P 2 h y d r o l y s i s  a r e  m o s t ly  
c o n s e rv e d  by b e in g  f e d  i n t o  a l i p i d  c y c l e  and an i n o s i t o l  
p h o sp h a te  c y c l e  t h a t  f i n a l l y  combine t o  r e f o r m  P I  ( B e r r i d g e ,
1984 )  ( F i g .  1 . 3 ) .  The m e t a b o l i c  f a t e s  
o f  t h e  second messengers  a r e  d e s c r i b e d  b e lo w .
1 . 4 . 1  I n o s i t o l  ( 1 . 4 . 5 )  T r i s p h o s p h a t e
I P 3 can be m e t a b o l i z e d  by two d i s t i n c t  r o u t e s  ( e . g .  H awkins
e t  a l . ,  1 9 8 6 ) :  by d e p h o s p h o r y l a t i o n  t o  fo rm  I P 2 (Downes e t
a l . ,  198 2 )  o r  by f u r t h e r  p h o s p h o r y l a t i o n  t o  I P 4 . I P 3 i s
d e p h o s p h o ry 1a t e d  by a 5 - p h o s p h a t e - s p e c i f i c  p h o s p h a ta s e  t o
produ ce  I n s ( 1 , 4 ) P 2 . Depend ing  on t h e  t i s s u e ,  t h e  p r o p o r t i o n
o f  i n t r a c e l 1u l a r  5 - p h o s p h a t a s e  a c t i v i t y  t h a t  i s  membrane
bound v a r i e s  f ro m  o v e r  80% down t o  16% ( S h e a r s ,  1 9 8 9 ) ,  b u t
a p p e a r s  t o  be l a r g e l y  c o n f i n e d  t o  t h e  p lasm a membrane.










In s  F?
Inos ito l phosphate cycle
F i g .  1 . 3 .  I n o s i t o l  L i p i d  M e ta b o l is m  and S i g n a l  T r a n s d u c t io n
An i n o s i t o l  phosphate  c y c l e  c o n v e r t s  I P 3 t o  f r e e  i n o s i t o l  
which i n t e r a c t s  w i t h  CDP-DG t o  re fo rm  P I .  The CDP-DG i s  th e  
p r o d u c t  o f  a l i p i d  c y c l e  which c h a n n e ls  DAG back t o  P I .  a ,
P I  k i n a s e ;  b, P IP  k i n a s e ;  c,  P IP 2 pho sphom onoesterase; d,
P IP  phosphomonoesterase;  e,  P I P 2 p h o s p h o d ie s t e r a s e ;  f ,  I P 3 
ph o sp h a tase ;  g,  I P 2 pho sphatase ;  h , I P -j p ho sphatase ;  7, CDP- 
DAG i n o s i t o l  p h o s p h a t i d a t e  t r a n s f e r a s e ;  j ,  DAG k in a s e ;  k,
CTP p h o s p h a t i d a t e  c y t i d y l  t r a n s f e r a s e ;  7, DAG l i p a s e .  PA, 
p h o s p h a t i d i c  a c i d .  1, P I ;  2 ,  P IP ;  3,  P IP 2 .
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? +p h o s p h a ta s e  e f f e c t i v e l y  t e r m i n a t e s  Ca - m o b i l i z a t i o n  by 
I n s ( 1 , 4 , 5 ) P 3 . R e c e p t o r  m e d ia t e d  i n c r e a s e s  i n  I P 3 a r e  o f t e n  
t r a n s i e n t  d e s p i t e  s u s t a i n e d  i n c r e a s e s  in  t o t a l  i n o s i t o l  
p h o s p h a te  p r o d u c t i o n ;  so ,  f o l l o w i n g  c e l l  s t i m u l a t i o n ,  I P 3 
m e t a b o l i s m  may be a c c e l e r a t e d  by r e g u l a t i o n  o f  t h e  
p h o s p h a ta s e  ( o r  k i n a s e ) .  PKC has been i m p l i c a t e d  in  t h i s  
p r o c e s s  ( C o n n o l l y  e t  a l . ,  198 7 )  as pho rb o l  e s t e r s  a c t i v a t e d  
5 - p h o s p h a t a s e  a c t i v i t y  i n  p r e t r e a t e d  p l a t e l e t s ,  as has a
p j .
r e c e p t o r - m e d i a t e d  i n c r e a s e  in  [Ca ] ( K u k i t a  e t  a l . ,  1 9 8 6 ) .  
N e i t h e r  t h e o r y  has been u n i v e r s a l l y  a c c e p te d  ( S h e a r s ,  1 9 8 9 ) .  
The I n s ( 1 , 4 , 5 )P 3 d e r i v e d  I n s ( 1 , 4 )P2 i s  f u r t h e r  
d ep hospho ry  1 a t e d  by two i n d e p e n d e n t  r o u t e s  t o  fo rm  In s ( 1 )P - |  
and I n s ( 4 ) P - j  (Ackermann e t  a l . , 1987;  Bansal  e t  a l . , 1 9 9 0 ) .  
The two monophosphates a r e  th e n  h y d r o ly s e d  t o  fo rm  f r e e  
i n o s i t o l .  E v id e n c e  s u g g e s t s  t h a t  t h e  same enzyme i s  
r e s p o n s i b l e  f o r  t h e  breakdown o f  a l l  t h e  i n o s i t o l  
m onophosphate  isom ers  (Ackermann e t  a l . ,  1987;  S h e a r s ,  1989)  
f o r  w h ic h  i t  has s i m i l a r  a f f i n i t i e s .
I n s ( 1 , 4 , 5 )P 3 may a l t e r n a t i v e l y  be p h o s p h o ry 1a t e d  in  t h e  3 -  
p o s i t i o n  by an A T P - r e q u i r i n g  k i n a s e  t h a t  i s  h i g h l y  s p e c i f i c  
( C o n n o l l y  e t  a l . , 198 7 )  and s o l u b l e  i n  most t i s s u e s  examined  
( I r v i n e  e t  a l . ,  1 9 8 6 ) .  The enhancement  o f  I n s ( 1 , 4 , 5 ) P 3 
m e t a b o l i s m  f o l l o w i n g  r e c e p t o r  a c t i v a t i o n  i s  p r o b a b l y  l a r g e l y  
due t o  r e c e p t o r - m e d i a t e d  a c t i v a t i o n  o f  t h e  k i n a s e .  T h i s  may 
som et im es  be a f f e c t e d  by PKC, and more f r e q u e n t l y  by
94 -i n c r e a s e s  i n  Ca t h a t  a c t  in  a c a l m o d u l in  d e p e n d e n t  manner.  
I n s ( 1 , 3 , 4 , 5 )P4 i s  h y d r o l y s e d  by a s p e c i f i c  5 - p h o s p h a t a s e  
r e a c t i o n  t o  fo rm  I n s ( 1 , 3 , 4 ) P 3 ( B a t t y  e t  a l . ,  1985;  Downes e t
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a 7 . ,  1 9 8 6 ) .  I t  i s  p o s s i b l e  t h a t  t h e  same enzyme may be 
r e s p o n s i b l e  f o r  t h e  d e p h o s p h o r y l a t i o n  o f  b o th  I n s ( 1 , 4 , 5 )P 3 
and I n s ( 1 , 3 , 4 , 5 )P4 , b u t  i f  bo th  m o le c u le s  have second  
m essenger  c h a r a c t e r i s t i c s  th e n  t h e i r  c o n c e n t r a t i o n s  and 
s u b c e l l u l a r  d i s t r i b u t i o n s  a r e  most l i k e l y  t o  be c o n t r o l l e d  
by a number o f  d i f f e r e n t  isoenzym es w i t h  v a r y i n g  s u b s t r a t e  
s p e c i f i c i t i e s ,  k i n e t i c  p a r a m e t e r s  and s u b c e l l u l a r  l o c a t i o n s  
(Hansen e t  a 1 . ,  1 9 8 7 ) .  I n s ( 1 , 3 , 4 )P 3 i s  d e p h o s p h o r y la t e d  t o  
I n s ( 1 , 3 ) P 2 and I n s ( 3 , 4 )P 2 ( I n h o r n  e t  a 7 . ,  1 9 8 7 ) ,  t h e  l a t t e r  
b e in g  t h e  m a jo r  p r o d u c t  (Hansen e t  a l . ,  1 9 8 6 ) .  The  
d e g r a d a t i v e  pa thw ays  o f  t h e  I P 2 isom ers  have n o t  been f u l l y  
e l u c i d a t e d .  The two p o s s i b l e  I P 1 p r o d u c ts  o f  I n s ( 1 , 3 ) P 2 
m e t a b o l i s m  a r e  s t e r e o i s o m e r s  u n r e s o lv e d  by n o n - c h i r a l  HPLC 
t e c h n i q u e s  b u t  t h e  3 - p h o s p h a t a s e  a t t a c k  on I n s ( 1 , 3 ) P 2 has  
been c h a r a c t e r i s e d  (B a n s a l  e t  a l . ,  1 9 8 7 ) .
1 . 4 . 1 , 1 .  O t h e r  R o u te s  o f  I n o s i t o l  P hospha te  M e t a b o l i s m
B a l i a  e t  a l . ( 1 9 8 7 )  r e p o r t e d  t h a t  t h r e e  i n o s i t o l
t e t r a p h o s p h a t e s  i n c r e a s e d  i n  a n g i o t e n s i n - s t i m u l a t e d  a d r e n a l
g l o m e r u l o s a  c e l l s .  One o f  t h e s e  was i d e n t i f i e d  as
I n s ( 1 , 3 , 4 , 5 )P 4 , w h i l e  a n o t h e r  ap p eared  t o  be t h e  p r o d u c t  o f
a k i n a s e  enzyme t h a t  a c t s  on I n s ( 1 , 3 , 4 ) P 3 t o  fo rm
I n s ( 1 , 3 , 4 , 6 )P4 . The f o r m a t i o n  and s u b seq u e n t  m e ta b o l is m  o f
t h i s  compound i s  c u r r e n t l y  unknown. The t h i r d  isom er
d e t e c t e d  i n  a d r e n a l  c e l l s  i s  o f  unknown s t r u c t u r e .  Harden  e t
a l . ( 1 9 8 7 )  l a b e l l e d  t u r k e y  e r y t h r o c y t e s  by i n c u b a t i o n  w i t h
3 2 P04 . They d e t e c t e d  I n s ( 1 , 3 , 4 , 5 )P 4 and I n s ( 1 , 4 , 5 , 6 )P4 , and
k i n e t i c  d a t a  i n f e r r e d  t h a t  a l t h o u g h  I n s ( 1 , 4 , 5 , 6 )P4 was
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p r e s e n t  i n  h i g h e r  c o n c e n t r a t i o n s ,  i t  was m e t a b o l i c a l 1y 
i n e r t .
I P 5 and IPg w ere  among t h e  f i r s t  m e t a b o l i t e s  t o  be 
d i s c o v e r e d  and y e t  v e r y  l i t t l e  i s  known a b o u t  t h e i r  
m e ta b o l is m  in  an im a l  c e l l s ,  w h ich  o cc u rs  t h r o u g h  r o u t e s  t h a t  
a r e  l a r g e l y  s e p a r a t e  f ro m  t h e  a g o n i s t - s e n s i t i v e  p a th w ays .  I n  
t h e  case  o f  I P 5 , a pathway e x i s t s  f rom  a g o n i s t - s e n s i t i v e  
i n o s i t o l  pho spha te  th r o u g h  t h e  p h o s p h o r y l a t i o n  o f  
I n s ( 1 , 3 , 4 ) P 3 t o  I n s ( 1 , 3 , 4 , 6 )P4 and th e n  t o  I n s ( 1 , 3 , 4 , 5 , 6 )Pg 
( S t e p h e n s  e t  a l . , 1 9 8 8 ) .  The main r o u t e  o f  s y n t h e s i s  however  
i s  p r o b a b ly  t h r o u g h  I n s ( 3 , 4 , 5 , 6 )P 4 which has long  been known 
t o  be a c o n s t i t u e n t  o f  a v i a n  e r y t h r o c y t e s  (Johnson & T a t e ,  
1 9 6 9 )  where i t  i s  t h o u g h t  t o  c o n t r o l  t h e  oxygen a f f i n i t y  o f  
h a e m o g lo b in .  The o r i g i n  o f  I n s ( 3 , 4 , 5 , 6 )P4 i s  as y e t  unknown 
-  i t  may be formed by p h o s p h o r y l a t i o n  o f  i n o s i t o l  o r  
i n d i r e c t l y  f ro m  I n s ( 1 , 4 , 5 ) P 3 , and i t  i s  n o t  known i f  o t h e r  
I P 5 isom ers  e x i s t  i n  d i f f e r e n t  c e l l s .  S y n t h e s i s  o f  IPg  
( p h y t i c  a c i d )  i s  t h o u g h t  t o  be t h r o u g h  t h e  p h o s p h o r y l a t i o n  
o f  i n o s i t o l ,  b u t  t h e  f u l l  pa thw ay  i s  n o t  known. The l e v e l s  
o f  I P 5 and IPg  do n o t  a l t e r  g r e a t l y  a f t e r  a g o n i s t  
s t i m u l a t i o n  and t h e y  a r e  t h o u g h t  t o  have h o u s e k e e p in g  
f u n c t i o n s  r a t h e r  th a n  o p e r a t e  as second m ess en g ers .  IPg may 
have a s e l e c t i v e  c y t o t o x i n  r o l e  i n  p l a n t s  ( M a y r ,  1989 )  and  
i t  has been s u g g e s te d  t h a t  I P 5 and IPg have e x t r a c e l l u l a r  
f u n c t i o n s ,  b u t  t h e i r  i n t r a c e l l u l a r  p r o p e r t i e s  have n o t  been 
c l a r i f i e d .
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1 . 4 . 1 . 2 .  C y c l i c  I n o s i t o l  Phospha tes
The f a m i l y  o f  I n s  1 : 2 - c y c l i c  pho sphates  may be normal  
c o n s t i t u e n t s  o f  t h e  c e l l ,  though t h e i r  r o l e  d u r i n g  a c u te  
c e l l u l a r  s t i m u l a t i o n  i s  s t i l l  u n c l e a r .  The p r o p o r t i o n  o f  
c y c l i c  i n o s i t o l  p h o sp h a tes  produced in  v a r i o u s  c e l l s  i s  
unknown m a i n l y  because o f  t e c h n i c a l  d i f f i c u l t i e s  in  
m e a s u r in g  t h e s e  a c i d - l a b i l e  s u b s ta n c e s .  I n s ( 1 : 2  e y e ,  4 , 5 ) P 3 
i s  p roduced  f o l l o w i n g  t h e  r e c e p t o r  m e d ia te d  h y d r o l y s i s  o f  
P I P 2 b u t  i s  t h o u g h t  t o  c o m p r ise  l e s s  th a n  5% o f  t h e  t o t a l  
t r i s p h o s p h a t e  r e l e a s e d  ( B e r r i d g e ,  1 9 8 9 ) .  I t  i s  
d e p h o s p h o ry 1a t e d  t o  I n s ( 1 : 2  e y e ,  4 ) P 2 , and th u s  t o  I n s ( 1: 2  
c y c )P  w i t h o u t  c l e a v a g e  o f  t h e  1 :2  c y c l i c  pho sphate  bond.  
I n s ( 1 : 2  c y c ) P  i s  c l e a v e d  t o  fo rm  In s ( 1 )P - j  by I n s ( 1 : 2  c y c )P  
2 - p h o s p h o h y d r o la s e  ( M a j e r u s  e t  a l . , 1986;  M a j e r u s ,  1992)  
which  i s  f i n a l l y  c o n v e r t e d  back t o  f r e e  i n o s i t o l .  The 
h y d r o l a s e  does n o t  a f f e c t  c y c l i c  i n o s i t o l  p o l y p h o s p h a te s  and 
a p p e a r s  t o  be u n i n h i b i t e d  by l i t h i u m .  The d e g r a d a t i o n  o f  
c y c l i c  I P 3 i s  much s lo w e r  th a n  t h a t  o f  n o n - c y c l i c  I P 3 , and 
i t  i s  n o t  a s u b s t r a t e  f o r  I P 3 k i n a s e  (Downes e t  a l . ,  1 9 8 9 ) .  
Thus f a r ,  t h e r e  i s  no e v i d e n c e  f o r  e n z y m a t ic  i n t e r c o n v e r s i o n  
o f  t h e  c y c l i c  and n o n - c y c l i c  i n o s i t o l  p o l y p h o s p h a te s  in  c e l l  
e x t r a c t s .
1 , 4 . 2__ 1, 2 -s n  P.,i ac.y 1 a Lyca ret 1
DAG e v o l v e d  d u r i n g  P L C -m e d ia te d  breakdown o f  i n o s i t o l  
p h o s p h o l i p i d s  a p p e a r s  t o  have a t  l e a s t  2 m e t a b o l i c  f a t e s ,  
f o l l o w i n g  t h e  a c t i o n  o f  a k i n a s e  o r  a l i p a s e .  I n  t h e  f o r m e r
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case  DAG i s  p h o s p h o r y 1a t e d  t o  p h o s p h a t i d i c  a c i d  by 1 ,2-DAG  
k i n a s e .  T h i s  enzyme a p p e a rs  t o  be p r e s e n t  m a i n l y  in  t h e  
plasm a membrane b u t  can a l s o  o c c u r  in  a s o l u b l e  fo rm  
( L a p e t i n a  & H a w th o rn e ,  1 9 7 1 ) .  P h o s p h a t i d i c  a c i d  (PA)  th e n  
combines w i t h  c y t o s i n e  t r i p h o s p h a t e  (CTP) t o  fo rm  t h e  h ig h  
e n e rg y  i n t e r m e d i a t e  C M P - p h o s p h a t id a t e  which a c c e p t s  a f r e e  
i n o s i t o l  m o l e c u l e  t o  r e f o r m  P I .  The f a t t y  a c i d  p a r t  o f  t h e  
m o l e c u l e  i s  t h u s  c o n s e rv e d  and t h e  PI  can be reused  f o r  
s i g n a l l i n g .  T h i s  r e a c t i o n  o c c u r s  in  t h e  e n d o p la s m ic  
r e t i c u l u m  ( E R ) ,  b u t  does n o t  r e a d i l y  ac c o u n t  f o r  t h e  t o t a l  
r e c o n v e r s i o n  o f  p h o s p h a t i d i c  a c i d  t o  P I .  PA i s  t h e  p r e c u r s o r  
f o r  g l y c e r o l i p i d s  and t h e  r e c y c l i n g  p rocess  r e l i e s  on t h e  
o c c u r r e n c e  o f  p o o ls  o f  m e t a b o l i c a l  1y s e g r e g a t e d  i n o s i t o l  
p h o s p h o l i p i d s  (Downes e t  a l . ,  1 9 8 9 ) .
A l t e r n a t i v e l y , DAG i s  h y d r o ly s e d  by a m o n o a c y l g ly c e r o l  
l i p a s e  t o  r e l e a s e  a r a c h i d o n i c  a c i d  f o r  t h e  f o r m a t i o n  o f  
p r o s t a g l a n d i n s  i n  mammalian c e l l s .  Most o f  t h e  a r a c h i d o n i c  
a c i d  in  c e l l s  i s  e s t e r i f i e d  t o  g l y c e r o p h o s p h o l i p i d s  f ro m  
w hich  i t  i s  r e l e a s e d  by v a r i o u s  p h o s p h o l i p a s e s . The r e l e a s e  
o f  a r a c h i d o n i c  a c i d  by p h o s p h o l ip a s e  A2 may be r e g u l a t e d  by 
b o th  l im b s  o f  t h e  P I P 2 t u r n o v e r  pathway -  I P 3 may cause t h e  
r e l e a s e  o f  c a l c i u m  t o  a c t i v a t e  t h e  l i p a s e ,  w h i l s t  t h e  
DAG/PKC l im b  may p h o s p h o r y 1 a t e  and hence i n a c t i v a t e  a 
p r o t e i n  te rm e d  l i p o c o r t i n ,  which i n h i b i t s  p h o s p h o l ip a s e  A2 
( B e r r i d g e ,  1 9 8 7 b ) .
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1 . 5  I n s ( 1 . 4 . 5 ) P ^ _ In d u c e d  C a lc iu m  M o b i l i z a t i o n
When c e l l s  respond  t o  c a l c i u m - m o b i l i z i n g  a g o n i s t s  t h a t  a c t  
t h r o u g h  t h e  h y d r o l y s i s  o f  i n o s i t o l  p h o s p h o l i p i d s ,  t h e y  draw  
upon b o th  i n t r a c e l l u l a r  and e x t r a c e l l u l a r  s o u rc e s  o f  
c a l c i u m .  The l a t t e r  rem a in s  r e l a t i v e l y  c o n s t a n t  b u t  t h e  
d i s t r i b u t i o n  and s i z e  o f  t h e  i n t e r n a l  p o o ls  v a r i e s  g r e a t l y  
( B e r r i d g e  and I r v i n e ,  1989;  B e r r i d g e ,  1 9 9 1 ) .  Of  a l l  t h e  
i n o s i t o l  p h o s p h a te s  t h a t  have been i d e n t i f i e d  i n  c e l l s ,  
I n s ( 1 , 4 , 5 )P 3 i s  t h e  o n l y  one so f a r  f o r  w h ich  a c l e a r  second  
m essenger  r o l e  has been d e f i n e d .  The f i r s t  d i r e c t  e v i d e n c e  
t o  show i n t r a c e l 1u l a r  c a l c i u m  r e l e a s e  f ro m  a non-  
mi t o c h o n d r i  a l  pool  i n  respo nse  t o  I n s ( 1 , 4 , 5 ) P 3 was o b t a i n e d  
u s in g  p e r m e a b i 1 i z e d  p a n c r e a t i c  c e l l s  ( S t r e b  e t  a l . ,  1 9 8 3 ) .  
U s in g  a c a l c i u m  e l e c t r o d e  i t  was p o s s i b l e  t o  m o n i t o r  t h e  
u p t a k e  o f  c a l c i u m  i n t o  t h e  ER and i t s  s u b s e q u e n t  r e l e a s e  
f o l l o w i n g  a d d i t i o n  o f  t h e  t r i s p h o s p h a t e . To r e l e a s e  c a l c i u m ,  
I n s ( 1 , 4 , 5 )P 3 must b in d  t o  r e c e p t o r s  t h a t  a r e  somehow l i n k e d  
t o  c a l c i u m  c h a n n e l s  c o n n e c te d  w i t h  t h e  I n s ( 1 , 4 , 5 )P 3-  
s e n s i t i v e  c a l c i u m  p o o l .  O n ly  p a r t  o f  t h e  pool  i s  
I n s ( 1 , 4 , 5 ) P 3- s e n s i t i v e ;  on a v e r a g e  30-50% o f  t h e  c a l c i u m  
t a k e n  up by t h e  n o n - m i t o c h o n d r i a l  pool i s  r e l e a s e d ,  t h e  
r e m a i n d e r  can be m o b i l i z e d  by io n o p h o re s .  The i n s e n s i t i v e  
pool  may be a s e p a r a t e  membrane com partm ent  p o s s e s s in g  
d i s t i n c t  c a l c i u m - p u m p in g  p r o p e r t i e s .  Once bound,  t h e  c h a n n e l  
opens and c a l c i u m  l e a k s  i n t o  t h e  c y t o s o l  by p a s s i v e  e f f l u x
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f ro m  t h e  s p e c i f i c  membrane p o o l .  Q u an ta l  f l u x  o f  Ca 
e l i c i t e d  by I P 3 i s  however  a fu n d a m e n ta l  p r o p e r t y  o f  i t s  
r e c e p t o r  ( F e r r i s  e t  a l . ,  1 9 9 2 )  and I P 3 in d u c e d  c a l c i u m
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r e l e a s e  has been shown t o  be a s t e a d y - s t a t e  respo nse
2 +c o n t r o l l e d  by l u m in a l  Ca ( M i s s i a e n  e t  a l . ,  1 9 9 2 ) .
The c e l l u l a r  l o c a t i o n  and i d e n t i t y  o f  t h e  s e n s i t i v e  and 
i n s e n s i t i v e  p o o ls  a r e  u n c e r t a i n  b u t  i t  i s  t h o u g h t  t h a t  t h e  
ER i m m e d ia t e l y  a d j a c e n t  t o  t h e  p lasma membrane i s  s e n s i t i v e  
t o  I n s ( 1 , 4 , 5 )P 3 , w hereas  t h a t  f u r t h e r  w i t h i n  t h e  c e l l  i s  
i n s e n s i t i v e  ( B e r r i d g e ,  1 9 8 7 a ) .  V o lp e  e t  a l . ( 1 9 8 8 )  a l s o  
su g g e s te d  t h e  c a lc io s o m e  as a s e n s i t i v e  pool  in  p e r i p h e r a l  
t i s s u e s ,  a sm a l l  membrane v e s i c l e  t h a t  has p r o p e r t i e s  
c h a r a c t e r i s t i c  o f  musc le  s a r c o p l a s m i c  r e t i c u l u m  ( S R ) .  M u s c le
p  4 .
SR has I P 3~ g a te d  Ca c h a n n e ls  which  d i f f e r  i n  c o n d u c ta n c e  
and pharm aco logy  f ro m  t h o s e  found  in  a o r t i c  SR f o r  exam ple  
( E r h l i c h  and W a t r a s ,  1 9 8 8 ) .  C a lc io s o m e s  c o n t a i n  t h e  c a l c i u m  
b i n d i n g  p r o t e i n  s e q u e s t r i n  and have m u s c l e - l i k e  c a l c i u m  
pumps, b u t  t h e i r  r e l a t i o n s h i p  t o  t h e  t r i s p h o s p h a t e  s e n s i t i v e  
o r  i n s e n s i t i v e  p o o ls  i s  u n c l e a r .
Of t h e  i n o s i t o l  p h o sp h a tes  t e s t e d ,  o n l y  t h o s e  h a v in g  
p h o sphates  on t h e  4 -  and 5 -  p o s i t i o n s  a r e  c a p a b l e  o f  
s t i m u l a t i n g  r e l e a s e  o f  c a l c i u m  ( I r v i n e  e t  a l . ,  1984b)  
w hereas t h e  ph o sp h a te  on t h e  o p p o s i t e  s i d e  o f  t h e  m o l e c u l e  
( 1-  p o s i t i o n )  f u n c t i o n s  t o  enhance t h e  a f f i n i t y  o f  t h e  
m o le c u le  f o r  i t s  r e c e p t o r .
A l th o u g h  t h e r e  i s  q u i t e  c o n v i n c i n g  e v i d e n c e  f o r  t h e
2 + 2 +m o b i l i z a t i o n  o f  i n t e r n a l  Ca , t h e  second phase o f  t h e  Ca
2 +r e s p o n s e ,  Ca e n t r y  i s  n o t  w e l l  u n d e r s to o d .  E v id e n c e  has  
been c o l l e c t e d  t o  s u g g e s t  t h a t  i n o s i t o l  l i p i d  m e t a b o l is m  i s
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i m p o r t a n t  f o r  c a l c i u m  e n t r y .  M i c r o i n j e c t i o n  o f  i n o s i t o l
ph o s p h a te s  i n c l u d i n g  I P 3 i n t o  sea u r c h i n  eggs o r  l a c r i m a l
2 +c e l l s  r e s u l t e d  in  c e l l  respo nses  r e q u i r i n g  both  Ca r e l e a s e
p 4.
and Ca e n t r y  f ro m  t h e  e x t r a c e l 1u l a r  space ( I r v i n e  and
Moor,  1986;  M o r r i s  e t  a l . ,  1 9 8 7 ) .  D i r e c t  a p p l i c a t i o n  o f
I n s ( 1 , 4 , 5 )P 3 t o  p lasma membranes does n o t  however  i n c r e a s e
t h e i r  p e r m e a b i l i t y  t o  c a l c i u m .  These o b s e r v a t i o n s  s u g g e s t
t h a t  I n s ( 1 , 4 , 5 )P 3 may a c t i v a t e  c a l c i u m  i n f l u x  i n t o  c e l l s ,
b u t  n o t  by a d i r e c t  a c t i o n  a t  t h e  plasma membrane. P u tne y
J r .  ( 1 9 8 6 )  su g g e s te d  a c a p a c i t a n c e  mechanism in  w h ich
2 +I n s ( 1 , 4 , 5 )P 3 s e c o n d a r i l y  p rom otes  Ca e n t r y  by e m p ty in g
2 +i n t r a c e l 1u l a r  Ca s t o r e s .  Under r e s t i n g  c o n d i t i o n s  t h e  I P 3 -
2 +s e n s i t i v e  i n t r a c e l 1u l a r  Ca s t o r e  i s  r e s i s t a n t  t o  d e p l e t i o n  
by e x t r a c e l 1u l a r  c h e l a t i n g  a g e n t s ,  b u t  once d e p l e t e d ,
2 +r e f i l l i n g  o n l y  o c c u r s  in  t h e  p re s e n c e  o f  e x t r a c e l 1u l a r  Ca
and a f t e r  t h e  removal  o f  t h e  f i r s t  s t i m u l u s  (Hughes and
2 +P u tn e y ,  1 9 8 9 ) .  Em pty ing  o f  t h e  i n t r a c e l 1u l a r  Ca pool  by
I P 3 a l l o w s  d i r e c t  c o m m u n ica t io n  o f  t h i s  pool  w i t h  t h e  p lasm a
2 +membrane. I n  t h e  p re s e n c e  o f  e x t r a c e l 1u l a r  Ca , c a l c i u m
e n t e r s  t h e  c e l l  t h r o u g h  t h i s  i n t e r f a c e  and th e n  passes  i n t o
2+t h e  c y t o s o l .  When I P 3 i s  d e g ra d e d ,  e x t r a c e l 1u l a r  Ca
c o n t i n u e s  t o  e n t e r  t h e  c e l l  v i a  t h i s  i n t e r f a c e  u n t i l  t h e
2 +i n t r a c e l 1u l a r  Ca pool  i s  r e s t o r e d .
A n o th e r  h y p o t h e s i s  f o r  l i n k i n g  i n o s i t o l  l i p i d s  t o  c a l c i u m  
e n t r y  a c r o s s  t h e  p lasm a membrane a l s o  i n v o l v e s  i n o s i t o l  
p o l y p h o s p h a t e s .  P r e l i m i n a r y  e v i d e n c e  s u g g e s ts  t h a t  
I n s ( 1 , 3 , 4 , 5 )P 4 may f u n c t i o n  t o  c o n t r o l  c a l c i u m  e n t r y  ( M o r r i s  
e t  a 7 . ,  1 987 ;  H o u s la y ,  1987;  N e h er ,  1 9 9 2 ) .  F o l l o w i n g  c a l c i u m
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r e l e a s e  by I n s ( 1 , 4 , 5 JPg, t h e  t r i s p h o s p h a t e  i s  c o n v e r t e d  t o  
I n s ( 1 , 3 , 4 , 5 )P 4 which would  f u n c t i o n  t o  c o n t r o l  s u b s e q u e n t  
c a l c i u m  e n t r y  f rom  e x t r a c e l 1u l a r  s t o r e s .  S in c e  t h e  
c o n v e r s i o n  o f  I n s ( 1 , 4 , 5 )P 3 t o  I n s ( 1 , 3 , 4 , 5 )P4 i s  enhanced by 
c a l c i u m ,  s t i m u l a t i o n  o f  i n f l u x  by t h i s  I P 4 w ould  be an 
exa m p le  o f  c a l c i u m - i n d u c e d  c a l c i u m  e n t r y .  E v id e n c e  f o r  t h i s  
t h e o r y  was p r o v i d e d  when t h e  i n j e c t i o n  o f  I n s ( 1 , 4 , 5 ) P 3 i n t o  
s ea  u r c h i n  eggs r e s u l t e d  in  c e l l  a c t i v a t i o n  w h ich  was
p j .
b e l i e v e d  t o  r e q u i r e  bo th  Ca^ r e l e a s e  and e n t r y  ( I r v i n e  and 
Moor,  1 9 8 6 ) .
I t  was d e m o n s t r a te d  t h a t  t h e  i n j e c t i o n  o f  I n s ( 2 , 4 , 5 )P 3 ,
?+w hich  r e l e a s e s  i n t r a c e l 1u l a r  Ca b u t  i s  n o t  p h o s p h o r y l a t e d  
t o  I P 4 , r e s u l t e d  in  t h e  a c t i v a t i o n  o f  many f e w e r  c e l l s .  
M i c r o i n j e c t i o n  o f  I n s ( 1 , 3 , 4 , 5 )P4 a l o n e  f a i l e d  t o  e l i c i t  a 
re sp o n se  b u t  i n j e c t i o n  t o g e t h e r  w i t h  I n s ( 2 , 4 , 5 ) P 3 p rodu ced  a 
f u l l  r e s p o n s e .  The a c t i v a t i o n  o f  Ca2+ e n t r y  was t h o u g h t  t o  
r e q u i r e  p h o s p h o r y l a t i o n  o f  I P 3 t o  I P 4 and e m p ty in g  o f  t h e  
i n t r a c e l l u l a r  Ca^ p o o l .  A l t e r n a t i v e l y ,  t h e  DAG fo rm ed  by 
t h e  h y d r o l y s i s  o f  P I P 2 i s  p h o s p h o r y 1a t e d  t o  PA w h ich  may 
t h e n  a c t  as a c a l c i u m  i o n o p h o re  b e f o r e  i t  i s  r e s y n t h e s i z e d  
t o  P I .
The p h o s p h o i n o s i t i d e  s i g n a l l i n g  system i s  n o t  u n i f o r m l y  
d i s t r i b u t e d  t h r o u g h o u t  t h e  c e l l  (C heek ,  1 9 8 9 ) .  N i c o t i n e  a c t s  
by d e p o l a r i z i n g  t h e  membrane, which  th e n  l e a d s  t o  t h e  
o p e n in g  o f  v o l t a g e - o p e r a t e d  c a l c i u m  c h a n n e ls  and t h e  i n f l u x  
o f  e x t e r n a l  c a l c i u m .  I n i t i a l l y  t h e  c a l c i u m  i s  p r e s e n t  as  a 
h a l o  a d j a c e n t  t o  t h e  membrane b u t  i t  l a t e r  d e v e lo p s  i n t o  a
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more w id e s p r e a d  r e s p o n s e .  C o n v e r s e l y ,  m u s c a r i n i c  s t i m u l a t i o n  
r e s u l t s  in  a more l o c a l i s e d  r e s p o n s e ,  p o s s i b l y  as a r e s u l t  
o f  t h e  I n s ( 1 , 4 , 5 ) P 3 - s e n s i t i v e  s t o r e  b e in g  c o n c e n t r a t e d  in  
one p a r t i c u l a r  a r e a  ( B e r r i d g e ,  1 9 8 9 ) .  I n  t h e  f o r m e r  e x a m p le ,  
t h e  mechanism o f  t h e  w a v e - l i k e  s p r e a d  o f  c a l c i u m  i s  s t i l l  
u n c l e a r ,  b u t  i t  i s  t h o u g h t  n o t  t o  be by d i f f u s i o n  a l o n e .  
B e r r i d g e  ( 1 9 8 9 )  and B e r r i d g e  and I r v i n e  ( 1 9 8 9 )  have  
s u g g e s te d  t h a t  I n s ( 1 , 4 , 5 )P 3- i n s e n s i t i v e  c a l c i u m  s t o r e s  a r e  
r e s p o n s i b l e  f o r  t r i g g e r i n g  t h e  wave,  which  th e n  p r o p a g a t e s  
by a p ro c e s s  o f  c a l c i u r n - in d u c e d  c a l c i u m  r e l e a s e  c o u p le d  w i t h  
d i f f u s i o n .  I n s ( 1 , 4 , 5 ) P 3- r e l e a s e d  c a l c i u m  f ro m  s e n s i t i v e  
p o o ls  d i f f u s e s  to w a rd s  i n s e n s i t i v e  p o o ls  and t r i g g e r s  
f u r t h e r  c a l c i u m  r e l e a s e .  T h i s  d i f f u s e s  t o  a n o t h e r  
i n s e n s i t i v e  pool and t h e  r e a c t i o n  c o n t i n u e s .  The p r e c i s e  
fo rm  and dynamics o f  c a l c i u m  waves w i l l  depend on how t h e  
s t o r e s  a r e  o r g a n i s e d ,  and in  some systems can s p re a d  f ro m  
c e l  1 t o  c e l  1 .
The i n t r a c e l l u l a r  l e v e l  o f  c a l c i u m  o f t e n  o s c i l l a t e s ,  
e s p e c i a l l y  when t h e  p h o s p h o i n o s i t i d e  pathway i s  b e in g  
s t i m u l a t e d  ( B e r r i d g e ,  1990 ,  1 9 9 2 ) .  These o s c i l l a t i o n s  can  
t a k e  many fo rm s  b u t  a r e  u s u a l l y  e x p re s s e d  as t r a n s i e n t  
c a l c i u m  ' s p i k e s ’ o f  i n c r e a s e d  c o n c e n t r a t i o n  s e p a r a t e d  by 
v a r i a b l e  i n t e r v a l s  where t h e  l e v e l  rem a in s  a t  o r  c l o s e  t o  
r e s t i n g  l e v e l s .  The b a s i c  f e a t u r e  o f  t h e s e  o s c i l l a t i o n s  i s  
t h a t  t h e y  a r e  t r i g g e r e d  by t h e  p e r i o d i c  r e l e a s e  o f  s t o r e d  
c a l c i u m  and n o t  v o l t a g e - o p e r a t e d  c h a n n e ls  i n  t h e  p lasma  
membrane. Whereas t h e  fo rm  and f r e q u e n c y  o f  t h e  o s c i l l a t i o n s  
v a r y  f rom  c e l l  t o  c e l l ,  t h e y  a r e  v e r y  c o n s i s t e n t  f o r
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i n d i v i d u a l  c e l l s  re s p o n d in g  t o  a s p e c i f i c  a g o n i s t  ( P r e n t k i  
e t  a l . ,  1 9 8 8 ) .  I P 3 i s  a l m o s t  u n i v e r s a l l y  i m p l i c a t e d  as a key  
e l e m e n t  in  t h e  o s c i l l a t o r y  mechanism -  I P 3 f l u c t u a t i o n s  may 
s e t  up n e g a t i v e  fe e d b a c k  i n t e r a c t i o n s  a c t i n g  on PLC, o r  
c a l c i u m  may a c t  p o s i t i v e l y  t o  c r e a t e  p e r i o d i c  s u rg e s  o f  I P 3 
w i t h  t h e  c o n c o m i t a n t  r e l e a s e  o f  c a l c i u m  a m p l i f i e d  t o  p ro d u ce  
a f u l l  s p i k e .  For  t h e  I n s ( 1 , 4 , 5 ) P 3- s e n s i t i v e  p o o ls  t o  
r e f i l l ,  I n s ( 1 , 4 , 5 )P 3 and c a l c i u m  must be removed.  A model t o  
e x p l a i n  how a s t e a d y  l e v e l  o f  I n s ( 1 , 4 , 5 )P 3 can s e t  o f f  
c a l c i u m  o s c i l l a t i o n s  i s  based on t h e  e x i s t e n c e  o f  s e p a r a t e  
c a l c i u m  p o o ls  ( B e r r i d g e ,  1989;  Wakui e t  a l . ,  1 9 9 2 ) .  C a lc iu m  
r e l e a s e d  by t h e  I n s ( 1 , 4 , 5 ) P 3~ s e n s i t i v e  pool f u n c t i o n s  t o  
p r im e  and th e n  t o  t r i g g e r  c a l c i u m  r e l e a s e  f ro m  t h e  
I n s ( 1 , 4 , 5 ) P 3“ i n s e n s i t i v e  pool  by a p r o c e s s  o f  c a l c i u m -  
induced  c a l c i u m  r e l e a s e  -  t h e  same model p roposed  f o r  
c a l c i u m  waves.
The d i s t r i b u t i o n  o f  c a l c i u m  s i g n a l s  in  space and t i m e  seem 
t o  be r e f l e c t i o n s  o f  a common mechanism ( B e r r i d g e ,  198 8 ,  
1989;  B e r r i d g e  and I r v i n e ,  1 9 8 9 ) .  A u n i f i e d  h y p o t h e s i s  
s u g g e s ts  t h a t  each t r a n s i e n t  d u r i n g  a c a l c i u m  o s c i l l a t i o n  
can be s p a t i a l l y  o r g a n i s e d ,  as i t  i n i t i a t e s  a t  a s p e c i f i c  
p o i n t  and s p r e a d s  in  a w a v e - l i k e  manner t h r o u g h  t h e  c e l l .
The a g o n i s t - s t i m u l a t e d  r e l e a s e  o f  I n s ( 1 , 4 , 5 ) P 3 a c t i v a t e s  t h e  
p ro c e s s  o f  c a l c i u m - i n d u c e d  c a l c i u m  r e l e a s e  t h a t  i s  
r e s p o n s i b l e  f o r  t h e  s p a t i a l l y  o r g a n is e d  c a l c i u m  t r a n s i e n t .  
A l th o u g h  t h e  s i g n i f i c a n c e  o f  t h e  d i f f e r e n t  components may 
v a r y  f rom  c e l l  t o  c e l l ,  bo th  o s c i l l a t i o n s  and s i g n a l
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p r o p a g a t i o n  may s h a r e  a common mechanism ( B e r r i d g e ,  1992;  
Dupont e t  a l . t 1991 ) .
1 . 6  Y e a s t  as  an I n v e s t i g a t i v e  Model
I f  t h e  p h o s p h a t i d y 1 i n o s i t o !  s i g n a l  t r a n s d u c t i o n  system  i s  
f u n d a m e n ta l  t o  mammalian c e l l s  and has a n c i e n t  o r i g i n s ,  th e n  
i t  may e x i s t  and o p e r a t e  i n  s i m p l e  e u k a r y o t e s  a l t h o u g h  t h e  
r e g u l a t o r y  r o l e s  and f u n c t i o n s  may be d i f f e r e n t .  Y e a s t ,  
p a r t i c u l a r l y  s t r a i n s  o f  Saccharomyces c e r e v i s i a e  were  
s e l e c t e d  as a r e p r e s e n t a t i v e  o rg a n is m  f o r  t h e  i n v e s t i g a t i o n  
as t h e y  p r o v i d e  c o n v e n i e n t  models  f o r  most o f  t h e  a c t i v i t i e s  
o f  c e l l s  o f  h i g h e r  fo rm s  o f  l i f e  (C am pbe l l  and D u f f u s ,
1 9 8 8 ) .  Y e a s t  i s  a l s o  s a f e  t o  h a n d le  and can be grown e a s i l y .  
The p r o j e c t  has ,  as  i t s  p r im e  f o c u s ,  t h e  b i o c h e m i s t r y  o f  t h e  
s i g n a l l i n g  p a th w a y ,  b u t  any b i o c h e m i c a l  work c o u ld  be 
r e a d i l y  complemented w i t h  a v a s t  a r r a y  o f  g e n e t i c  
e x p e r i m e n t s .  Many o f  t h e  g e n e t i c  t e c h n i q u e s  w ere  d e v e lo p e d  
s p e c i f i c a l l y  f o r  y e a s t ,  and some p r o c e d u r e s  w h ich  a r e  n o t  
p o s s i b l e  i n  h i g h e r  c e l l s ,  can be r e a d i l y  p e r f o r m e d  in  t h i s  
o r g a n is m .  C o n s i d e r i n g  e x p e r i m e n t a l  f a c t o r s ,  m e t a b o l is m ,  
g e n e t i c  and d e v e lo p m e n t a l  respo nses  can be e l i c i t e d  under  
w e l l  d e f i n e d  c o n d i t i o n s ,  f a c i l i t a t i n g  r e p r o d u c i b i 1 i t y  and 
r e l i a b i l i t y .  S h ou ld  t h e  need a r i s e ,  y e a s t s  can be grown as  
h a p l o i d  o r  d i p l o i d  c e l l s ,  o r  ind eed  as h i g h e r  p l o i d i e s  i f  
r e q u i  r e d .
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1 . 7  E v id e n c e  f o r  t h e  T r a n s d u c t i o n  System i n  Y e a s t
P r i m a r y  e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  a p h o s p h o i n o s i t i d e  
second messenger  sys tem  in  y e a s t  i n c l u d e s  t h e  d e t e c t i o n  and  
i s o l a t i o n  o f  t h e  membrane l i p i d s  P I ,  P IP  and P I P 2 ( S t e i n e r  
and L e s t e r ,  1972a;  L e s t e r  and S t e i n e r ,  1968;  P r o t t e y  e t  a 7 . ,  
1 9 7 0 ) .  S u b s e q u e n t ly ,  W h e e le r  e t  a l . ( 1 97 2 )  d e m o n s t r a t e d  
enzymes c a p a b l e  o f  c a t a l y z i n g  t h e  s y n t h e s i s  o f  t h e s e  
compounds i n c l u d i n g  a k i n a s e  r e s p o n s i b l e  f o r  t h e
o p
i n c o r p o r a t i o n  o f  exogenous [ T P ]  ATP i n t o  P I P 2 l o c a t e d  i n  
t h e  membrane. B e l u n i s  e t  a l .  ( 1 9 8 8 )  p u r i f i e d  P I  k i n a s e  f ro m  
y e a s t  c e l l  membranes and showed an a c t i v i t y  w h ich  was 
a s s o c i a t e d  w i t h  a 3 5 , 0 0 0  Da m e m b r a n e -a s s o c ia t e d  p r o t e i n .  The  
p r o d u c t  o f  t h e  r e a c t i o n  c a t a l y s e d  by t h e  p u r i f i e d  enzyme was 
shown t o  be p h o s p h a t i d y l i n o s i t o l - 4 - p h o s p h a t e  ( P I ( 4 ) P ) .  I t  
was o r i g i n a l l y  t h o u g h t  t h a t  t h e  p h o s p h o r y l a t i o n  o f  P I  o n l y  
i n v o l v e d  t h e  p r o d u c t i o n  o f  P I ( 4 ) P  and P I ( 4 , 5 ) P 2 b u t  Auger  e t  
a l . ( 198 9 a )  d e m o n s t r a t e d  t h a t  y e a s t  c e l l  membranes a l s o  
c o n t a i n  p h o s p h a t i d y l i n o s i t o l - 3 - p h o s p h a t e  ( P I ( 3 ) P ) ,  and 
i d e n t i f i e d  a s p e c i f i c  m e m b r a n e -a s s o c ia t e d  enzyme which  
c a t a l y s e d  t h e  s y n t h e s i s  o f  P I ( 3 ) P  f ro m  P I .  S i m i l a r  
a c t i v i t i e s  had o n l y  r e c e n t l y  been d i s c o v e r e d  in  mammalian  
c e l l s  ( K a p l a n  e t  a 7 . ,  1987;  Whitman e t  a 7 . ,  1 9 8 8 )  and l e d  t o  
t h e  d i s c o v e r y  o f  a new P I P 2 is o m e r ,  P I ( 3 , 4 ) P 2 (A uge r  e t  a 7 . ,  
198 9a )  and t h e  nove l  p o l y p h o s p h o i n o s i t i d e ,  
p h o s p h a t i d y l i n o s i t o !  t r i s p h o s p h a t e  ( P I P 3 ) ,  ( T r a y n o r - K a p l a n  
e t  a 7 . ,  1988;  Auger e t  a 7 . ,  1989b and S te p h e n s  e t  a l . ,
1 9 9 1 ) .  I n  c o n t r a s t  t o  mammalian c e l l s ,  t h e  e x p e r i m e n t s  o f  
Auger  e t  a l . ( 1 9 8 9 a )  s u g g e s te d  t h a t  t h e  s t e a d y  s t a t e  l e v e l
30
o f  P I ( 3 ) P i n v i v o  made up 50% o f  t h e  t o t a l  P IP  in  t h e  
membranes o f  y e a s t  c e l l s .  T h i s  i m p l i e d  t h a t  P I  k i n a s e  
a c t i v i t y  in  y e a s t  must be h e t e r o g e n e o u s  and c o n s i s t s  o f  bo th  
P I ( 3 ) P  and P I ( 4 ) P  k i n a s e s .  I t  a l s o  su g g e s te d  t h a t  t h e  
enzymes p u r i f i e d  t h u s  f a r  c o u ld  j u s t  be some o f  s e v e r a l  
enzymes c a p a b l e  o f  c a t a l y s i n g  P I  c o n v e r s i o n .  The p o t e n t i a l  
r o l e  o f  P I ( 3 ) P  as an e f f e c t o r  in  s i g n a l  t r a n s d u c t i o n  was 
r e v ie w e d  by Downes and C a r t e r  ( 1 9 9 1 )  and r e c e n t  d e v e lo p m e n ts  
in  p o l y p h o s p h o i n o s i t i d e  i n v e s t i g a t i o n  w ere  r e v ie w e d  in  
C a r p e n t e r  and C a n t l e y  ( 1 9 9 0 ) ,  Downes and Macphee ( 1 9 9 0 )  and  
Hawkins e t  a l . ( 1 9 9 2 a ) .
P I  k i n a s e  a c t i v i t y  i s  r e p u t e d l y  s e n s i t i v e  t o  g ro w th  phase  
and cAMP c o n c e n t r a t i o n s  w i t h i n  t h e  c e l l  ( H o l l a n d  e t  a l . ,
1988;  Ka to  e t  a l . ,  1 9 8 9 ) .  The c o n c l u s i o n s  re ac h ed  by t h e s e  
groups o f  r e s e a r c h e r s  a r e  however  i n  d i s a g r e e m e n t .  H o l l a n d  
e t  a l . ( 1 9 8 8 )  d e m o n s t r a t e d  t h a t  P I  k i n a s e  a c t i v i t y  i n c r e a s e d  
2 - 2 . 5  f o l d  as c e l l s  e n t e r e d  t h e  s t a t i o n a r y  pha se ,  and t h i s  
c o r r e l a t e d  w i t h  a l a r g e  drop  in  cAMP l e v e l s .  U s in g  m u ta n t  
y e a s t  s t r a i n s ,  K a to  e t  a l . ( 1989 )  showed t h e  o p p o s i t e  
r e s u l t .  E x t r a c t s  p r e p a r e d  f ro m  s t r a i n s  c o n t a i n i n g  r a s 1 , r a s 2  
o r  c y r 1  m u t a t i o n s  (known t o  a f f e c t  cAMP-dependent  
p h o s p h o r y l a t i o n )  showed P I  k i n a s e  and P IP  k i n a s e  a c t i v i t i e s  
t o  be 30-60% l o w e r  th a n  w i l d  t y p e  e x t r a c t s  ass ayed  under  t h e  
same c o n d i t i o n s .  K a to  e t  a l . ( 1 9 8 9 )  c o n c lu d e d  t h a t  
p h o s p h o i n o s i t i d e  k i n a s e  a c t i v i t y  i s  e l e v a t e d  und er  
c o n d i t i o n s  w h ic h  f a v o u r  cAMP-dependent  p r o t e i n  
p h o s p h o r y l a t i o n  and H o l l a n d  e t  a l . ( 1 9 8 8 )  re a c h e d  t h e  
o p p o s i t e  c o n c l u s i o n .  T h i s  may have been due t o  t h e  use o f
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d i f f e r e n t  s t r a i n s ,  g row th  and assay  c o n d i t i o n s  b u t  may a l s o  
r e f l e c t  t h e  p o t e n t i a l l y  h e te r o g e n e o u s  p o p u l a t i o n  o f  k i n a s e  
enzymes in  y e a s t .  I t  i s  p o s s i b l e  t h a t  t h e  s e p a r a t e  groups  
were  l o o k i n g  a t  e n t i r e l y  d i f f e r e n t  enzymes,  and d a t a  on t h e  
r e g u l a t i o n  o f  s p e c i f i c  i n d i v i d u a l  P I  k i n a s e s  a r e  n o t  y e t  
a v a i l a b l e .
O t h e r  r e l e v a n t  m e t a b o l i t e s  t h a t  have been d e t e c t e d  in  y e a s t  
i n c l u d e  t h e  c a l c i u m - b i n d i n g  p r o t e i n  c a l m o d u l i n  ( D a v i s  and 
T h o r n e r ,  1986;  D a v is  e t  a l . ,  1 9 8 6 ) .  T h i s  i m p l i e s  a c a l c i u m  
s i g n a l l i n g  pathway i s  p r e s e n t .  C lo n i n g  and c h a r a c t e r i z a t i o n  
o f  genes f o r  two c a l c i u m - b i n d i n g  p r o t e i n s ,  c a l m o d u l i n  and 
t h e  CDC31 gene p r o d u c t  have d e m o n s t r a te d  t h a t  b o th  o f  t h e s e  
p r o t e i n s  p e r f o r m  v i t a l ,  b u t  d i f f e r e n t  f u n c t i o n s  i n  y e a s t .  
K a ib u c h i  e t  a l . ( 1 9 8 6 )  s t a t e d  t h a t  when y e a s t  c e l l s  were  
grown in  media  c o n t a i n i n g  2% g lu c o s e  and t h e n  s t a r v e d  in  a 
b u f f e r  c o n t a i n i n g  0 .02%  g lu c o s e  t h e y  a r r e s t e d  a t  t h e  Gq/G-) 
phase o f  t h e  c e l l  c y c l e ;  b u t  a l s o  showed t h a t  t h e  a d d i t i o n  
o f  g lu c o s e  r e l i e v e d  t h e  c e l  1- c y c l e  a r r e s t  and i n s t i g a t e d  t h e  
r a p i d  i n c o r p o r a t i o n  o f  P-j i n t o  P I ,  P IP  and P I P 2 in  a t i m e -  
d e p e n d e n t  manner.  T h i s  was r e p u t e d l y  accom panied by t h e  
p r o d u c t i o n  o f  r a d i o a c t i v e  In s ( 4 ) P - j  and t h e  second messenger  
I n s ( 1 , 4 , 5 )P 3 , p re s u m a b ly  v i a  t h e  a c t i o n  o f  p h o s p h o l ip a s e  
enzymes.  E v id e n c e  was however  p r o v i d e d  f o r  t h e  p re s e n c e  o f  
i n o s i t o l  p ho spha tes  i n  y e a s t .  The e x i s t e n c e  o f  a p r o t e i n  
k i n a s e  C (PKC) in  y e a s t  has been s u g g e s te d  r e c e n t l y  and was 
i n i t i a t e d  by d e t e c t i o n  o f  a p r o t e i n  k i n a s e  d e p e n d e n t  on Ca2+ 
and c a l m o d u l i n  in  Sacch .  c e r e v i s i a e  (M iyaka w a  e t  a l . ,  198 9 )  
and t h e  c l o n i n g  o f  a gene ( L e v i n  e t  a l . ,  1 9 9 0 )  w i t h  some
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homology t o  mammalian PKC ( PKC1) .  O g i t a  e t  a l . ( 1 9 9 0 )  th e n  
p u r i f i e d  an a c t i v i t y  w h ich  was r e l a t e d  t o  t h e  mammalian  
enzyme b u t  was n e i t h e r  a c t i v a t e d  by t h e  p h o rb o l  e s t e r  TPA, 
n or  e f f i c i e n t l y  p h o s p h o r y 1a t e d  l y s i n e - r i c h  h i s t o n e s  ( H 1 ) .  
Simon e t  a l . ( 1 9 9 1 )  i s o l a t e d  a d i f f e r e n t  P K C - l i k e  e n z y m a t ic  
a c t i v i t y  f ro m  Sacch.  c e r e v i s i a e  u s in g  a d i f f e r e n t  
p u r i f i c a t i o n  scheme. T h i s  enzyme was p u r i f i e d  u s in g  
ch ro m a to g ra p h y  on D E A E - c e l 1u l o s e  f o l l o w e d  by h y d r o x y 1a p e t i t e  
w hich  s e p a r a t e d  t h e  a c t i v i t y  i n t o  t h r e e  d i s t i n g u i s h a b l e  sub­
s p e c i e s ,  a n a lo g o u s  t o  t h e  mammalian PKC iso en zy m e s .  The  
f r a c t i o n s  e n r i c h e d  in  PKC a c t i v i t y  c o n t a i n e d  p r o t e i n s  t h a t  
s p e c i f i c a l l y  bound TPA, were s p e c i f i c a l l y  p h o s p h o r y l a t e d  in  
t h e  p r e s e n c e  o f  DAG and r e c o g n is e d  by a n t i - m a m m a l ia n  PKC 
a n t i b o d i e s .  More r e c e n t l y ,  t h e  same group has i s o l a t e d  t h r e e  
d i f f e r e n t  m a m m a l ia n -1 i k e  PKC c l o n e s  t h r o u g h  t h e  s c r e e n i n g  o f  
y e a s t  e x p r e s s i o n  l i b r a r i e s  (S imon e t  a l . ,  1 9 9 2 )  and t h e  
p r e d i c t e d  amino a c i d  sequence f o r  one o f  t h e  c l o n e s ,  yP K C I I  
i s  h i g h l y  homologous t o  t h e  C1 r e g i o n  ( t h e  DAG b i n d i n g  
dom ain)  o f  t h e  mammalian a ,  |3 and r PKC isoenzy m e s .  These  
r e s u l t s  s u g g e s t  t h e  e x i s t e n c e  o f  a f a m i l y  o f  r e l a t e d  
m a m m a l ia n -1 i k e  PKC genes in  Sacch.  c e r e v i s i a e .
Of a more c i r c u m s t a n t i a l  n a t u r e ,  when i n o s i t o l - r e q u i r i n g  
m u ta n ts  o f  Sacch.  c e r e v i s i a e  a r e  d e p r i v e d  o f  i n o s i t o l  under  
c o n d i t i o n s  t h a t  a r e  o t h e r w i s e  grow th  s u p p o r t i n g ,  r a p i d  
b i o c h e m i c a l  changes o c c u r  l e a d i n g  t o  i n o s i t o l - l e s s  d e a th  
( H e n r y ,  1 9 8 2 ) .  I n  c o n t r a s t ,  m u ta n ts  a u x o t r o p h i c  f o r  many 
o t h e r  compounds i n c l u d i n g  amino a c i d s  o r  c h o l i n e ,  s to p  
d i v i d i n g  and lo s e  v i a b i l i t y  r e l a t i v e l y  s l o w l y  when s t a r v e d
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f o r  t h e i r  r e q u i r e m e n t  (H e n r y  e t  a l 1 9 7 7 ) .  T h i s  i m p l i e s  
t h a t  i n o s i t o l  p l a y s  a v i t a l  r o l e  in  m a i n t a i n i n g  t h e  c e l l  
v i a b i l i t y  and s i n c e  i n o s i t o l - r e q u i r i n g  m u ta n ts  r a p i d l y  cease  
p r o d u c t i o n  o f  P I  und er  c o n d i t i o n s  o f  i n o s i t o l  d e p r i v a t i o n ,  
w h i l s t  m a c r o m o le c u la r  s y n t h e s i s  c o n t i n u e s  unimpeded (H e n ry  
e t  a 7 . ,  1 977 ) ,  t h a t  r o l e  may be a s s o c i a t e d  w i t h  t h e  membrane 
p h o s p h o i n o s i t i d e s . A l th o u g h  t h i s  has been known f o r  s e v e r a l  
d e c a d e s ,  t h e  mechanism o f  i n o s i t o l - l e s s  d e a th  i s  n o t  
u n d e r s to o d  ( W h i t e  e t  a l . ,  1 9 9 1 )  b u t  i t  may o c c u r  because t h e  
c e s s a t i o n  o f  s y n t h e s i s  o f  e s s e n t i a l  components o f  t h e  c e l l  
w a l l  and p lasma membrane i s  n o t  c o u p le d  w i t h  an o r d e r l y  
c e s s a t i o n  o f  o v e r a l l  c e l l u l a r  m e t a b o l is m .  I n  normal  grow th  
c o n d i t i o n s  t h e  p r o p o r t i o n  o f  P I  i n  y e a s t  p lasm a membranes 
r em a in s  p a r t i c u l a r l y  s t a b l e ,  b e in g  t h e  l e a s t  a l t e r a b l e  o f  
t h e  l i p i d  c o n s t i t u e n t s  and r e t a i n i n g  a h ig h  d e g r e e  o f  
s a t u r a t i o n  ( C a r t w r i g h t  e t  a l . ,  1 9 8 7 ) .  T h i s  a l s o  s u g g e s ts  an 
i m p o r t a n t  r o l e  f o r  i n o s i t o l  c o n t a i n i n g  p h o s p h o l i p i d s  as does 
t h e  f a c t  t h a t  P I  i s  t h e  o n l y  membrane component  whose l e v e l  
f a l l s  d r a m a t i c a l l y  a f t e r  t h e  a r r e s t  a t  'START’ , t h e  m a jo r  
r e g u l a t o r y  p o i n t  f o r  p r o l i f e r a t i o n  in  y e a s t  c e l l s  (W h e a ls ,  
1 9 8 7 ) ,  v i a  e i t h e r  m u t a t i o n  o r  G1 i n h i b i t i o n  (Dudani  e t  a l . ,  
1983;  Dudani and P r a s a d ,  1 9 8 4 ) .  I n  a d d i t i o n ,  P I  undergoes  
r a p i d  t u r n o v e r  ( H o k i n  and H o k in ,  196 4 )  i n d i c a t i n g  a h ig h  
l e v e l  o f  m e t a b o l i c  a c t i v i t y .
D i r e c t  e v i d e n c e  f o r  a y e a s t  p h o s p h o i n o s i t i d e  sys tem  i n c l u d e s  
t h e  r e s u l t s  o f  K a ib u c h i  e t  a l . ( 1 9 8 6 )  who showed t h a t  t h e  
a d d i t i o n  o f  g lu c o s e  t o  r e s t i n g  c e l l s  s t i m u l a t e d  P I P 2 
t u r n o v e r .  A l s o ,  Uno e t  a l .  ( 1 9 8 8 )  r e p o r t e d  t h a t  when a
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m onoc lona l  a n t i b o d y  s p e c i f i c  f o r  P I P 2 was i n t r o d u c e d  i n t o  
y e a s t  c e l l s  by e l e c t r o p o r a t i o n  i t  caused a r r e s t  o f  c e l l s  a t  
t h e  G q / G - j  phase o f  t h e  c e l l  c y c l e .  They c o n c lu d e d  t h a t  P I P 2 
p l a y s  a r o l e  i n  t h e  t r a n s i t i o n  t h r o u g h  t h e  c e l l  c y c l e ,  
p r o b a b l y  m e d ia t e d  t h r o u g h  a respo nse  t o  g l u c o s e .  D u r in g  t h i s  
work f i v e  genes w ere  d e t e c t e d  ( P I M 1 - 5 ) ,  m u t a t i o n s  i n  w h ich  
cause  d e f e c t s  i n  P I  m e t a b o l is m  and c e l l  c y c l e  a r r e s t .  Two o f  
t h e  m u ta n ts  p roduced  were d e f e c t i v e  i n  P I  k i n a s e  ( p i m2 )  and  
P IP  k i n a s e  ( p i m 1 ) a c t i v i t y ,  b u t  c e l l  c y c l e  a r r e s t  i n  t h e s e  
c e l l s  c o u ld  be r e l i e v e d  by t h e  i n t r o d u c t i o n  o f  P I P 2 by 
e l e c t r o p o r a t i o n  o r  t h e  c o m b i n a t i o n  o f  I P 3 and a s y n t h e t i c  
fo rm  o f  DAG. R e c e n t l y  i t  was found  t h a t  PIM 3,  PIMA and PIM5  
w ere  a l l e l i c  t o  RAS2 , CYR1 and BCY1 ( I s h i k a w a ,  T.  , 1990;  
p e r s .  comm.) ,  t h e  mammalian genes i n v o l v e d  i n  t h e  P I  
t r a n s d u c t i o n  s y s te m .  Londesborough and N u u t i n e n  ( 1 9 8 7 )  
d e m o n s t r a te d  t h e  p r e s e n c e  o f  a p r o t e i n  k i n a s e  w i t h  c a l c i u m  
i o n / c a l m o d u l i n  a c t i v a t i o n  dependency .
The n a t u r a l  y e a s t  s t e r o l ,  e r g o s t e r o l  s t i m u l a t e s
p h o s p h o i n o s i t i d e  t u r n o v e r  and c e l l  p r o l i t e r a t i o n  under
d e f i n e d  c o n d i t i o n s  in  an e r g o s t e r o l - r e q u i r i n g  s t r a i n  (D a h l
and D a h l ,  1 9 8 5 ) .  I n  " s h i f t - u p M e x p e r im e n t s  u s i n g  an
0.0
i n o s i t o l - r e q u i r i n g  s t r a i n ,  an i n i t i a l  i n c r e a s e  o f  ° ^ p -  
l a b e l l i n g  o f  P I ,  P IP  and P I P 2 was r e c o r d e d  when c e l l s  grown  
i n  c h o l e s t e r o l  w ere  s h i f t e d  t o  e r g o s t e r o l - c o n t a i n i n g  m e d ia .  
The most s i g n i f i c a n t  i n c r e a s e  was in  P I P 2 , and most r a p i d  
t u r n o v e r  was a l s o  n o te d  f o r  t h i s  p h o s p h o l i p i d .  Dahl e t  a 7 .  
( 1 9 8 7 )  showed t h a t  e r g o s t e r o l  can a l s o  s t i m u l a t e  P I  k i n a s e  
a c t i v i t y  and s u g g e s te d  t h a t  i t  may be a r e g u l a t o r  o f  enzyme
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a c t i v i t y  in  a d d i t i o n  t o  i t s  s t r u c t u r a l  r o l e  in  membranes as  
a b u lk  l i p i d .
F u r t h e r  s u p p o r t  t h a t  t h e  P I  t r a n s d u c t i o n  sys tem  may have an 
a n c i e n t  o r i g i n  and t h e r e f o r e  be p r e s e n t  i n  s i m p l e  e u k a r y o t e s  
d e r i v e s  f ro m  a P I  sys tem  d e s c r i b e d  in  N e u r o s p o r a  c r a s s a  
(Hanson,  1991 )  and an i n o s i t o l  l i p i d  s i g n a l l i n g  pathw ay  in  
t h e  y e a s t -m y c e l iu r n  t r a n s i t i o n  o f  t h e  d u tc h  e lm d i s e a s e  
fu n g u s ,  Ophiostoma u l mi  ( B r u n t o n  and Gadd, 1 9 9 1 ) .  S t r u c t u r a l  
and f u n c t i o n a l  homologues t o  human r a s  genes have been 
d i s c o v e r e d  in  y e a s t  ( D e f e o - J o n e s  e t  a l . ,  1983;  Powers e t  
a l . , 1984 )  and encode p r o t e i n s  i n v o l v e d  i n  t h e  s t i m u l a t i o n  
o f  a d e n y l a t e  c y c l a s e  ( T a m a n o i , 1988;  B roa ch ,  1991;  W h ea ls ,  
1 9 8 5 ) .  K a ib u c h i  e t  a 7. ( 198 6 )  s u g g es ted  t h a t  P I  t u r n o v e r  i s  
a f f e c t e d  by RAS gen es .  H i g h e r  r a t e s  o f  P I  t u r n o v e r  w ere  
n o ted  i n  r a s 1  and ras2  m u ta n ts  s u g g e s t in g  a r e g u l a t o r y  r o l e  
f o r  RAS1 and RAS21 p r o t e i n s .
Based on what  would  a p p e a r  t o  be a q u i t e  s u b s t a n t i a l  
c o l l e c t i o n  o f  e v i d e n c e ,  i t  seems r e a s o n a b l e  t o  p ropo se  t h a t  
a p h o s p h a t i d y l i n o s i t o l  s i g n a l  t r a n s d u c t i o n  sys te m ,  
co m p a ra b le  t o  t h a t  in  mammalian c e l l s ,  e x i s t s  and o p e r a t e s  
in  Saccharomyces c e r e v i s i a e .
1 , 8  S i g n a l  T r a n s d u c t i o n  i n  Saccharomvces c e r e v i s i a e
Response t o  pheromones d u r i n g  y e a s t  m a t in g  p r o v i d e d  an 
o p p o r t u n i t y  t o  s t u d y  s i g n a l  t r a n s d u c t i o n  i n  a u n i c e l l u l a r  
e u k a r y o t e  -  e x t r a c e l 1u l a r  p e p t i d e  m a t in g  pheromones a c t i v a t e
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a pathway th r o u g h  membrane p r o t e i n  r e c e p t o r s  t h a t  l e a d s  t o  
c e l l u l a r  d i f f e r e n t i a t i o n  in  p r e p a r a t i o n  f o r  m a t i n g ,  which i s  
m a n i f e s t e d  by t r a n s c r i p t i o n a l  i n d u c t i o n  o f  numerous genes,  
by m o r p h o l o g i c a l  changes and c e l l  d i v i s i o n  c y c l e  a r r e s t  a t  
G1 (Marsh  e t  a 1 . ,  1 9 9 1 ) .  H a p l o i d  y e a s t  c e l l s  o f  e i t h e r  
m a t in g  p h e n o ty p e ,  a and a can p r o l i f e r a t e  by m i t o t i c  c e l l  
d i v i s i o n  b u t  a l s o  have t h e  p o t e n t i a l  t o  fo rm  an a / a  d i p l o i d .  
M a t i n g  i s  t h e  c u l m i n a t i o n  o f  a 2 -way  s i g n a l l i n g  p r o c e s s  
between a and a c e l l s .  Each h a p l o i d  c e l l  t y p e  s e c r e t e s  a 
u n iq u e  s i g n a l l i n g  m o l e c u l e ,  a - f a c t o r  o r  a - f a c t o r ,  and 
d i s p l a y s  a t  i t s  s u r f a c e  a r e c e p t o r  t h a t  can b in d  t h e  
pheromone s e c r e t e d  by t h e  o p p o s i t e  m a t in g  t y p e .  B i n d in g  
a c t i v a t e s  an i n t r a c e l 1u l a r  s i g n a l  t r a n s d u c t i o n  pathway t h a t  
i s  common t o  a and a c e l l s  (S p r a g u e ,  J r . ,  1 9 9 1 ) .  As a r e s u l t  
o f  t h e  c e l l u l a r  d i f f e r e n t i a t i o n ,  c e l l  and n u c l e a r  f u s i o n  can  
pro c e e d  t o  p roduce t h e  a / a  d i p l o i d .
The i n t r a c e l 1u l a r  respo nse  pathway  i s  i d e n t i c a l  i n  both  c e l l  
t y p e s ,  a l l  m u t a t i o n s  t h a t  a f f e c t  t h e  respo nse  o f  a - c e l l s  t o  
a - f a c t o r  a l s o  i n f l u e n c e  t h e  respo nse  o f  a - c e l l s  t o  a - f a c t o r  
e x c e p t  m u t a t i o n s  i n  t h e  r e c e p t o r  s t r u c t u r a l  ge n e s .  A l s o ,  an 
a - c e l l  e n g in e e r e d  t o  e x p r e s s  t h e  a - f a c t o r  r e c e p t o r  w i l l  
respond t o  a - f a c t o r ,  n o t  a - f a c t o r .  The r e v e r s e  o f  t h i s  can  
be shown in  a - c e l l s  (B en d er  and S p rague ,  J r . ,  1 9 8 6 ) .  Both  
r e c e p t o r s  a r e  co u p le d  t o  t h e  same h e t e r o t r i m e r i c  G p r o t e i n  
(Ga |3f ) ,  t h e  a s u b u n i t  o f  which  i s  p o s s i b l y  encoded by GPA1 
( M i y a j i m a  e t  a l . ,  1 9 8 7 ) .  When pheromone b i n d s ,  t h e  r e c e p t o r  
undergoes  a c o n f o r m a t i o n a l  change t h a t  a c t i v a t e s  t h e  G-  
p r o t e i n  and r e l e a s e s  t h e  |3f s u b u n i t  ( p o t e n t i a l l y  encoded by
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STE4 and S T E W , W hi teway e t  a 7 . ,  1 9 8 9 ) .  T h i s  a c t i v a t e s  
downstream components o f  t h e  p a th w ay .  The im m e d ia te  t a r g e t  
o f  t h e  G p r o t e i n  i s  n o t  known b u t  f o u r  s e r i n e / t h r e o n i n e  
p r o t e i n  k i n a s e s  t h a t  a r e  r e q u i r e d  f o r  s i g n a l  t r a n s m i s s i o n  
have been i d e n t i f i e d  ( t h e  p r o d u c t s  o f  t h e  STE11,  STE7, FUS3 
and KSS1 gen es)  and r e c e n t  e v i d e n c e  i n d i c a t e s  t h a t  t h e  
a c t i v i t y  o f  one o r  more o f  t h e s e  k i n a s e s  i s  i n c r e a s e d  when 
t h e  pathway  i s  s t i m u l a t e d  ( S p r a g u e ,  J r . ,  1991;  Marsh e t  a l . ,  
1 9 9 1 ) .  Thus,  a p h o s p h o r y l a t i o n  cascade  a p p e a r s  t o  be an 
e s s e n t i a l  f e a t u r e  o f  t h e  p a th w a y .  U l t i m a t e l y  a 
t r a n s c r i p t i o n a l  a c t i v a t o r ,  STE12 gene p r o d u c t ,  i s  a c t i v a t e d  
which l e a d s  t o  d i f f e r e n t i a t i o n  -  i n c r e a s e d  t r a n s c r i p t i o n  o f  
s e v e r a l  genes i n c l u d i n g  t h o s e  en c o d in g  c e l  1- s u r f a c e  p r o t e i n s  
i n v o l v e d  in  c e l l - c e l l  i n t e r a c t i o n s  and f u s i o n .  Because t h e  
p r o d u c t i o n  o f  t h e s e  p r o t e i n s  i s  p a r t  o f  t h e  d i f f e r e n t i a t i o n  
t h a t  accom panies  pheromone s t i m u l a t i o n ,  t h e  STE12 gene 
p r o d u c t  i s  t h o u g h t  t o  c a r r y  o u t  t h e  t e r m i n a l  s t e p  o f  t h e  
p a th w ay .  A second t a r g e t  f o r  k i n a s e  a c t i v i t y  may be t h e  G1 
c y c l i n s ,  p r o t e i n s  r e q u i r e d  f o r  t h e  a c t i v i t y  o f  t h e  Cdc28  
p r o t e i n  k i n a s e  ( r e q u i r e d  f o r  p r o g r e s s i o n  f ro m  G1 t o  S 
p h a s e ) .  Upon pheromone s t i m u l a t i o n ,  t h e  c y c l i n s  a r e  
i n a c t i v a t e d  and hence t h e  c e l l s  a r r e s t  i n  G 1 .
The e x i s t e n c e  o f  a s i g n a l  t r a n s d u c t i o n  sys tem  in  y e a s t  has  
been w e l l  e s t a b l i s h e d ,  and i n f o r m a t i o n  has been g a t h e r e d  
r e l e v a n t  t o  t h e  i n i t i a l  r e c e p t o r - 1 igand  i n t e r a c t i o n  th r o u g h  
t o  t h e  f i n a l  d i f f e r e n t i a t i o n  and c e l l  c y c l e  a r r e s t .  T h e re  
a r e  s t i l l  s i g n i f i c a n t  gaps i n  t h e  u n d e r s t a n d i n g  o f  t h e  
system b u t  i t  was fo und  t h a t  many o f  t h e  i n t e r m e d i a t e s  o f
38
t h e  p a thw ay ,  in  a d d i t i o n  t o  t h e  r e c e p t o r s  and t h e  G-  
p r o t e i n s ,  had mammalian homologues.  For exa m ple  FUS3 and 
KSS1 gene p r o d u c t s  a r e  homologous t o  ERK1 k i n a s e  w h ic h  i s  
t h o u g h t  t o  be i n v o l v e d  i n  i n s u l i n  s t i m u l a t e d  s i g n a l  
t r a n s d u c t i o n  ( B o u l t o n  e t  a l . , 1990;  Pawson, 1 9 9 1 ) .  I f  
i n f o r m a t i o n  g a in e d  f ro m  t h e  i n v e s t i g a t i o n  o f  t h i s  pa thw ay  i s  
a p p l i c a b l e  t o  h i g h e r  e u k a r y o t e  p h y s i o l o g y ,  i t  i s  p o s s i b l e  
t h a t  t h e  r e s u l t s  g a in e d  f ro m  a s tu d y  o f  t h e  p u t a t i v e  P I  
t r a n s d u c t i o n  sys tem  would  a l s o  be r e l e v a n t  t o  t h e  
e s t a b l i s h e d  mammalian sys te m .  R e cen t  r e v i e w s  o f  t h e  
pheromone s i g n a l l i n g  pathw ay  and i t s  mechanism i n c l u d e  t h o s e  
by H e r s k o w i t z  ( 1 9 8 9 ) ,  K u r j a n  ( 1 9 9 0 )  and S p ra g u e ,  J r .  ( 1 9 9 0 ) .
JL_9 P r o j e c t  Aims
The p r i n c i p a l  a im o f  t h e  p r o j e c t  was t o  e s t a b l i s h  w h e t h e r  a 
P I  s i g n a l  t r a n s d u c t i o n  sys tem  e x i s t e d  and o p e r a t e d  w i t h i n  
Saccharomyces c e r e v i s i a e , and t o  d e t e r m in e  t h e  r o l e  o f  t h i s  
sys tem  in  c o n t r o l l i n g  c e l l u l a r  respo nses  t o  e n v i r o n m e n t a l  
and d e v e lo p m e n t a l  i n f l u e n c e s ;  such as changes i n  c e l l  
p r o l i f e r a t i o n  r a t e ,  i n i t i a t i o n  o f  s p o r u l a t i o n ,  a l t e r a t i o n  o f  
t h e  s i z e  c o n t r o l  and m a t in g .
The o b j e c t i v e s  t o  a c h i e v e  t h i s  a im were co n c e rn e d  w i t h  t h e  
i m p o r t a n t  m e t a b o l i t e  i n o s i t o l  1 , 4 , 5 - t r i s p h o s p h a t e  
( I n s ( 1 , 4 , 5 )P 0 ) .  The a b i l i t y  t o  d e m o n s t r a t e  t h e  p r e s e n c e  o f  
I n s ( 1 , 4 , 5 )P 3 would  p r o v i d e  s u b s t a n t i a l  e v i d e n c e  f o r  t h e  
e x i s t e n c e  o f  t h e  s e c o n d a r y  messenger  p a th w a y .  Hence ,  t h e  
i n v e s t i g a t i o n  was d i r e c t e d  a t  I n s ( 1 , 4 , 5 )P 3 i n  3 ways.
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F i r s t l y ,  t h e  d e t e c t i o n  and i s o l a t i o n  o f  I n s ( 1 , 4 , 5 )P 3 f ro m  a 
y e a s t  c e l l  e x t r a c t ,  wh ich  would  i n v o l v e  t h e  d ev e lo p m e n t  o f  a 
s e n s i t i v e  and r e l i a b l e  a s s a y .  S e c o n d ly ,  t h e  p r o d u c t i o n  o f  
I P 3 f ro m  e x o g e n o u s ly  added P I P 2 » by i n c u b a t i n g  t h e  p r e c u r s o r  
w i t h  w ho le  o r  b roken  y e a s t  c e l l s  and a s t i m u l a n t .  T h i s  would  
d e m o n s t r a t e  t h e  a c t i v i t y  o f  p h o s p h o l ip a s e  C and s u p p o r t  
f u r t h e r  t h e  e x i s t e n c e  o f  a t r a n s d u c t i o n  sys tem  in  y e a s t .  
T h i r d l y ,  t h e  breakdown o f  I n s ( 1 , 4 , 5 ) P 3 u s in g  c e l l u l a r  
m a t e r i a l  would  d e m o n s t r a t e  d e g r a d a t i v e  enzymes t h a t  co m p r is e  
t h e  pathway t h a t  r e c y c l e s  t h e  i n o s i t o l  p h o s p h a te s  back t o  
f r e e  i n o s i t o l .
Such d e m o n s t r a t i o n s  would  show t h a t  n o t  o n l y  i s  I n s ( 1 , 4 , 5 ) P 3 
p r e s e n t  in  y e a s t ,  i t  i s  p roduced v i a  t h e  r e c e p t o r - m e d i a t e d  
h y d r o l y s i s  o f  P I P 2 and i s  t h e n  d e a c t i v a t e d  i n  t h e  c y t o s o l ,  
and r e c y c l e d  back t o  i n o s i t o l .  T h i s  would  c o r r o b o r a t e  t h e  
system e x i s t e d  and o p e r a t e d  in  y e a s t .
The p r o j e c t  i s  c o n c e rn e d  w i t h  t h e  b i o c h e m i c a l  a s p e c t s  o f  t h e  
pathway and a l t h o u g h  a l a r g e  number o f  i n t e r m e d i a t e s  a r e  
i n v o l v e d  in  t h e  P I  s ys te m ,  ass ays  were  t o  be d e v e lo p e d  
p r i m a r i l y  f o r  t h e  w a t e r - s o l u b l e  i n o s i t o l  p h o s p h a t e s ,  such as  
I P 3 and I P 4 , w h ich  would  a c t  as key m a rk e rs  f o r  
i n v e s t i g a t i n g  t h e  sys te m .  H a v in g  d e v is e d  an a s s a y ,  a n a l y s i s  
o f  t h e  i n o s i t o l  p h o s p h a te s  was t o  be p e r fo r m e d  by H igh  
P e r fo rm a n c e  L i q u i d  Ch ro m atog raphy  (HPLC) ,  w h ic h  can a l s o  
g i v e  i n f o r m a t i o n  r e l a t i n g  t o  o t h e r  p h o s p h o i n o s i t i d e s  
( B e r r i d g e ,  1983;  I r v i n e  e t  a l . ,  1 9 8 2 ) .  The d e v e lo p m e n t  o f  an
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i n o s i t o l  ph o sp h a te  ass ay  was hampered by a number o f  f a c t o r s  
-  n e i t h e r  i n o s i t o l  nor  i t s  p ho spha tes  a b s o rb  in  t h e  u l t r a ­
v i o l e t  o r  v i s i b l e  s p e c t r a ,  so d e t e c t i o n  by t h e s e  methods was 
i m p o s s i b l e .  I t  was however p o s s i b l e  t o  use r a d i o l a b e l l e d  
t r a c e r s  and m o n i t o r  t u r n o v e r  by l i q u i d  s c i n t i l l a t i o n  
s p e c t r o m e t r y .
The ass ays  w ere  used t o  measure t h e  c o n c e n t r a t i o n  o r  
t u r n o v e r  o f  t h e  r e l e v a n t  m e t a b o l i t e s .  The changes i n  t h e s e  
p a r a m e te r s  c o u ld  th e n  be measured d u r i n g  d e v e lo p m e n ta l  
m o d i f i c a t i o n s  induced  by e n v i r o n m e n t a l  c o n d i t i o n s .  These may 
i n c l u d e  a l t e r i n g  t h e  c a rb o n  o r  n i t r o g e n  s o u r c e ,  o r  a l t e r i n g  
g row th  r a t e  d u r i n g  t h e  i n i t i a t i o n  o f  s p o r u l a t i o n ,  d u r i n g  
m a t in g  pheromone c e l l  p r o l i f e r a t i o n  a r r e s t  and a f t e r  a 
t e m p e r a t u r e  s h i f t  w i t h  t e m p e r a t u r e - s e n s i t i v e  m u ta n ts  
a f f e c t e d  in  any o f  t h e s e  p r o c e s s e s .
1 . 1 0  Proposed M e th o d o lo g y
The o r i g i n a l  i n t e n t i o n  was t o  grow y e a s t  c e l l s  i n  t h e  
p re s e n c e  o f  r a d i o a c t i v e  t r a c e r  i n o s i t o l  and a s t i m u l a t i n g  
f a c t o r  -  t o  i n i t i a t e  t h e  p u t a t i v e l y  p r e s e n t  t r a n s d u c t i o n  
sys te m .  A f t e r  i n c u b a t i o n ,  t h e  c e l l s  w ere  t o  be h a r v e s t e d  and 
w a t e r  s o l u b l e  m e t a b o l i t e s  e x t r a c t e d  f o r  a n a l y s i s .  A w i l d  
t y p e  s t r a i n  (A364A)  was s e l e c t e d  as t h e  s t a r t e r  o rg a n is m  and 
grown in  a complex medium w i t h  t r i t i a t e d  i n o s i t o l .  F o l l o w i n g  
a 24 h i n c u b a t i o n  t h e  y e a s t s  were t o  be h a r v e s t e d  in  such a 
way t h a t  t h e  r e q u i r e d  compounds would be r e a d i l y  a v a i l a b l e  
f o r  s e p a r a t i o n  and i d e n t i f i c a t i o n .  The g ro w th  and e x t r a c t i o n
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m e t h o d o lo g ie s  were a l t e r e d  many t im e s  t o  im prove  t h e  
r e c o v e r y  o f  r a d i o a c t i v i t y  p e r  se ,  and r a d i o a c t i v e  i n o s i t o l  
p h o s p h a te s .  D e t a i l s  a r e  i n c l u d e d  in  t h e  t e x t .  The s e p a r a t i o n  
and i d e n t i f i c a t i o n  o f  i n o s i t o l  phosphates  was p e r f o r m e d  by 
a n io n  exchange column c h r o m a t o g r a p h y .
-1..13 ..Ion Exchange Chromatography
The p r i n c i p a l  f e a t u r e  o f  io n  exchange ch ro m a to g ra p h y  ( I E C )  
i s  t h e  a t t r a c t i o n  between o p p o s i t e l y  cha rg ed  p a r t i c l e s .  
B i o l o g i c a l  m a t e r i a l s ,  such as amino a c i d s  and p r o t e i n s  have  
i o n i s a b l e  g ro u p s ,  and possess  a n e t  p o s i t i v e  o r  n e g a t i v e  
c h a rg e  w h ich  can be used f o r  s e p a r a t i n g  m i x t u r e s  o f  such  
compounds ( W i l s o n  and G o u ld in g ,  1 9 8 6 ) .
I o n  exchange was p e r f o r m e d  i n  columns packed w i t h  an 
i n s o l u b l e  s o l i d  m a t e r i a l  t h a t  c a r r i e d  e x c h a n g e a b le  c a t i o n s  
o r  a n i o n s .  An ion  e x c h a n g e r s ,  as used in  t h i s  p r o j e c t  have  
p o s i t i v e l y  ch a rg ed  g roup s  which  a t t r a c t  n e g a t i v e l y  c h a rg e d  
m o l e c u l e s .  The e x c h a n g e a b le  io n s  o r  ' c o u n t e r  i o n s ’ a r e  
r e p l a c e d  by sample io n s  t h a t  have t h e  same c h a r g e ;  n e u t r a l  
s p e c ie s  and c a t i o n s  do n o t  i n t e r a c t ,  and pass t h r o u g h  t h e  
column.  The r e q u i r e d  i o n s ,  once s t u c k  t o  t h e  co lum n,  can be 
removed o r  ' e l u t e d ’ by i n t r o d u c i n g  a n o t h e r  ion  o f  h i g h e r  
a f f i n i t y  f o r  t h e  exc hange  s i t e .  I n  g e n e r a l ,  t h e  l o w e r  t h e  
s e l e c t i v i t y  o f  t h e  i o n ,  t h e  more r e a d i l y  i t  exchanges  f o r  
a n o t h e r  io n  o f  l i k e  c h a r g e  ( B i o - R a d ,  S t r o n g  A n io n  Exchange  
R e s in  I n s t r u c t i o n  M a n u a l ) .
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The f i r s t  a n io n  e x c h a n g e r  used was Dowex r e s i n  ( B i o - R a d ,  
H e r t s . ,  UK),  a s t r o n g l y  b a s i c  a n io n  e x c h a n g e r ,  c a p a b l e  o f  
e x c h a n g in g  a n io n s  o f  b a s i c ,  a c i d i c  and n e u t r a l  s a l t s .  The  
AG1-X8 r e s i n  used i s  lo a d e d  w i t h  q u a t e r n a r y  ammonium 
f u n c t i o n a l  groups a t t a c h e d  t o  a s t y r e n e  d i v i n y l b e n z e n e  
c o p o ly m e r  l a t t i c e  w i t h  c r o s s - l i n k a g e  o f  856.
Once t h e  e l u t i o n  sys tem  was checked w i t h  Dowex r e s i n  
c h r o m a t o g r a p h y , t h e  s e p a r a t i o n  o f  p h o sp h a tes  c o u ld  be 
upgraded  t o  HPLC. The same p r i n c i p l e s  w ere  i n v o l v e d ,  b u t  t h e  
column s u p p o r t  m a t r i x  ( s t a t i o n a r y  phase )  c o n s i s t e d  o f  a more 
f i n e l y  d i v i d e d  p a r t i c u l a t e  m a t e r i a l .  T h i s  was p h y s i c a l l y  
much s t r o n g e r  and c o u ld  t h e r e f o r e  w i t h s t a n d  h i g h e r  p r e s s u r e s  
a l l o w i n g  much b e t t e r  s e p a r a t i o n s  t o  be a c h ie v e d  in  a s h o r t e r  
t i m e .
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2 t Q Ma t e r i a l s and Methods
2 . 1  S t r a i n s  Used
A364A
G enotype  MATa a d e l  ade2  u r a l  h i s 7  l y s 2  t y r 1  g a l l .
T h i s  i s  a w e l l  c h a r a c t e r i s e d  y e a s t  s t r a i n  w i t h  known m a rk e rs  
t h a t  was used e x t e n s i v e l y  i n  c e l l  c y c l e  work by H a r t w e l l  
( 1967 ,  1 9 7 6 ) ,  H a r t w e l l  e t  a l . ( 1 9 7 0 ,  1 9 7 3 ) ,  C u l o t t i  and 
H a r t w e l l  ( 1 9 6 7 )  and B u ck in g -T h ro m  e t  a l .  ( 1 9 7 3 ) .
SB4
G enotype  MATa ade2  u r a 3  c a n l  m et13  l e u 1 - 1 2  i n o l  ino4 .
T h i s  i s  an i n o s i t o l  r e q u i r i n g  m u t a n t ,  o b t a i n e d  f ro m  
J . R . D i c k i n s o n  ( U . W . C . C . )  i n t e n d e d  f o r  use i n  u p t a k e - o f -  
r a d i o a c t i v i t y  e x p e r i m e n t s .  B a n e r je e  ( 1 9 8 4 )  d e s c r i b e s  SB4 as  
n o n - a u x o t r o p h i c  f o r  i n o s i t o l  b u t  e x p e r i m e n t s  w i t h  i n o s i t o l  
+ / -  m edia  and drop o u t  p l a t e s  c o n f i r m e d  a l l  m a rk e rs  shown 
a bo ve ,  i n c l u d i n g  t e m p e r a t u r e  s e n s i t i v i t y  f o r  p f k  a t  36 °C  on 
complex m ed ia .
MC3
Genotype MATa i n o 1 - 1 3  i n o 2 - 8  g a l 2 c a n l .
T h i s  i s  an i n o s i t o l  r e q u i r i n g  m u ta n t  o b t a i n e d  f ro m  t h e  Y e a s t  
G e n e t i c  S to c k  C e n t r e ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  B e r k e l e y .
S t r a i n s  w ere  m a i n t a i n e d  on YEPD s l o p e s ,  YEPE and YEPG p l a t e s  
a t  4 °C  and under  n i t r o g e n  a t  - 2 0  ° C .
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2 . 2  M e d ia  C o m p o s i t io n
YEPD ( Y e a s t  E x t r a c t ,  P e p to n e ,  D - g l u c o s e )
B a c t o - Y e a s t  E x t r a c t  (MC1 ) LabM, 1 % ( w / v ) .
B a c to  Pep to ne  (MC9, M y c o l c g i c a l )  LabM, 2 % ( w / v ) .
D - g l u c o s e ,  BDH, P o o le ,  D o r s e t ,  UK, 2 % ( w / v ) .
D i f c o  A g a r ,  2 % ( w / v ,  added f o r  s o l i d  m ed ia )  .
YEPE ( Y e a s t  E x t r a c t ,  P e p to n e ,  E t h a n o l )
D i f c o  Y e a s t  E x t r a c t ,  1 % ( w / v ) .
D i f c o  P e p to n e ,  2 % ( w / v ) .
E th a n o l  ( 1 0 0  %),  f i l t e r  s t e r i l i s e d ,  1 % ( v / v ) .
D i f c o  A g a r ,  2 % ( w / v ,  added f o r  s o l i d  m e d i a ) .
YEPG ( Y e a s t  E x t r a c t ,  P e p to n e ,  G l y c e r o l )
D i f c o  Y e a s t  E x t r a c t ,  1 % ( w / v ) .
D i f c o  P e p to n e ,  2 % ( w / v ) .
G 1 y c e r o l , 3 % ( v / v ) .
D i f c o  A g a r ,  2 % ( w / v ,  added f o r  s o l i d  m e d i a ) .
A d e n in e  ( 0 . 1  g I - 1 ) and u r a c i l  ( 0 . 1  g l - 1 ) c o u ld  a l s o  be 
added t o  t h e  above m ed ia  t o  su p p le m e n t  a d e n in e  and u r a c i l  
r e q u i r i n g  m u t a n t s .
M in im a l  Medium ( G lu c o s e  M i n i m a l )
B a c to  Y e a s t  N i t r o g e n  Base W i t h o u t  Amino A c i d s ,  0 . 6 7  % ( w / v ) .  
D - g l u c o s e ,  4 % ( w / v ) .
A d en ine  20 mg 1“ 1 , u r a c i l  20 mg I ” 1 .
Amino a c i d s : -  t y r o s i n e  30 mg I - 1 , h i s t i d i n e  20 mg I - 1 ,
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l y s i n e  30 mg 1 1 , t r y p t o p h a n  20 mg 1“ 1 and t h r e o n i n e  200 mg
r 1.
D i f c o  A g a r ,  2 % ( w / v ,  added f o r  s o l i d  m e d i a ) .
D e f i n e d  Medium
D i f c o  V i t a m i n  F r e e  Y e a s t  Base,  0 . 6 7  % ( w / v ) .
D - g l u c o s e ,  2 % ( w / v ) .
V i t a m i n s : -  b i o t i n  20 M9 1 ~ ^ , c a l c i u m  p a n t o t h e n a t e  4 mg I - 1 , 
n i c o t i n i c  a c i d  20 M9 1“ 1 , n i a c i n  4 mg I - 1 , p - a m in o b e n z o i c  
a c i d  2 mg 1“ 1 , r i b o f l a v i n  2 mg 1~ 1 , t h i a m i n e  h y d r o c h l o r i d e  
4 mg 1“ 1 .
I n o s i t o l  20 mg 1“ 1 may be added f o r  g row th  o f  i n o s i t o l  
r e q u i r i n g  m u t a n t s .
D i f c o  A g a r ,  2 % ( w / v ,  added f o r  s o l i d  m e d i a ) .
L i q u i d  m edia  was r o u t i n e l y  d is p e n s e d  i n t o  c o n i c a l  f l a s k s  
( 1 0 0  ml in  a 250 ml f l a s k ,  400  ml in  a 1 1 f l a s k )  and 
s t e r i l i s e d  by a u t o c l a v e  (1 5  min a t  121 ° C )  p r i o r  t o  use .  
C e l l s  were  grown a t  25 °C o r  30 °C in  a s h a k in g  w a t e r  b a th  
(1 2 0  RPM) o r  a c o n s t a n t  t e m p e r a t u r e  room.
2 . 3  S o l u t i o n s
B u f f e r e d  S o r b i t o l
1 .2  M S o r b i t o l
10 mM Magnesium c h l o r i d e .
20 mM T r i s  a d j u s t e d  t o  pH 7 . 2  w i t h  1 N h y d r o c h l o r i c  a c i d .  
0 .1  M Sodium m e t a b i s u l p h a t e .
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T r i s \ H C 1  B u f f e r  ( B a t e s  and Bower,  1956)
50 ml x 0 .1  M T r i s  ( h y d r o x y e t h y l ) a m in o e th a n e .
A d ju s t e d  t o  pH 7 w i t h  0 .1  M H y d r o c h l o r i c  a c i d .
D i l u t e d  t o  100 ml w i t h  w a t e r .
SH B u f f e r  
272 mM S u c r o s e .
10 mM HEPES ( N - 2 - H y d r o x y e t h y 1  p i p e r a z i n e - N * - 2 - e t h a n e s u l p h o n i c  
a c i  d ) .
A d ju s t e d  t o  pH 7 . 5  w i t h  1 N h y d r o c h l o r i c  a c i d .
B rea kag e  B u f f e r
50 mM Ph ospha te  b u f f e r ,  pH 7 . 4 .
2 mM EDTA.
2 mM 2 - m e r c a p t o - e t h a n o l .
2 . 4  D e t e r m i n a t i o n  o f  C u l t u r e  D e n s i t i e s  and Budd ing  In d e x
Two hundred m i c r o l i t r e s  o f  t h e  y e a s t  c u l t u r e  was d i l u t e d  t o  
50 ml w i t h  an u l t r a - f i 1t e r e d  ( p o r e - s i z e  0 . 2  pm) s o l u t i o n  o f  
0 . 9  % ( w / v )  sodium c h l o r i d e  and 0 .1  % ( w / v )  sodium a z i d e  
h a v in g  d e t e r m in e d  t h e  background p a r t i c l e  c o u n t  o f  t h e  
s o l u t i o n .  F i v e  r e a d i n g s  o f  c e l l  number w ere  made u s in g  an 
e l e c t r o n i c  p a r t i c l e  c o u n t e r  ( P a r t i c l e  D a ta  I n c . )  which  
sampled 200 p i  o f  t h e  d i l u t e d  c u l t u r e .  A s t i r r i n g  arm was 
a v a i l a b l e  t o  a v o id  s e t t l i n g  o f  dense s u s p e n s io n s .
Growth phase was a l s o  m o n i t o r e d  by m eas u r in g  o p t i c a l  d e n s i t y  
a t  600 nm on a SP6-UV s p e c t r o p h o t o m e t e r  (P ye  Uni cam) and
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com par ing  r e a d i n g s  t o  a ' d r y  w e i g h t ’ c a l i b r a t i o n  c u r v e .  
Samples (1 m l )  w ere  h a r v e s t e d  by c e n t r i f u g a t i o n  ( 3 0  s a t  
11600 x g)  i n  a M i c r o  C e n ta u r  c e n t r i f u g e  (MSE, F i s o n s ,  UK) 
i n  p r e - w e ig h e d  E p p e n d o r f  t u b e s  and washed in  d i s t i l l e d  
w a t e r .  These were  t h e n  p l a c e d  in  a vacuum oven (Townsen and 
M e r c e r ,  UK) and i n c u b a t e d  o v e r n i g h t  t o  c o m p le te  d r y n e s s .  The  
tu b e s  w ere  th e n  re w e ig h e d  and d r y  w e ig h t s  c a l c u l a t e d  by 
d i f f e r e n c e .
Budding in d e x  ( B I )  was d e t e r m in e d  by b r i e f l y  s o n i c a t i n g  a 
c u l t u r e  a l i q u o t  and i n s p e c t i n g  t h e  c e l l s  und er  a l i g h t  
m ic ro s c o p e .  A t  l e a s t  200 c e l l s  were cou nted  and 
BI  = (Budded c e l l  c o u n t ) / ( T o t a l  c e l l  c o u n t ) .
G e n e r a t i o n  t im e s  f o r  y e a s t  c e l l s  p r o ! i f e r a t i n g  in  
l o g a r i t h m i c  phase i n  l i q u i d  m edia  were c a l c u l a t e d  as  
f o l l o w s .
T e m p e ra tu r e
Medi urn 25 °C 30 °C CO O) o o
YEPD 135 90 85
YEPE 160 135 135
G luc ose  M in im a l 150 135 130
Times shown in  m in u te s
2,5 Radioactive .Tracers
These w ere  a l l  o b t a i n e d  f ro m  Amersham I n t e r n a t i o n a l  p i c ,  
( B u c k s . ,  E n g la n d )  and s t o r e d  a c c o r d in g  t o  t h e  s u p p l i e r s ’
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re c o m m e n d a t io n s . R a d i o a c t i v i t y  c o n c e n t r a t i o n s  a r e  g i v e n  in  
C u r i e s  ( C i )  t o  f a c i l i t a t e  d i r e c t  co m p a r iso n  w i t h  s o u rc e  
p a p e r s  and i n f o r m a t i o n .  To c o n v e r t  t o  S I  u n i t s ,  1 . 0  pCi = 
0 . 0 3 7  M eg aB eq u ere ls  (MBq) .  The d e t e c t i o n  o f  r a d i o a c t i v e  
sam ples  was r o u t i n e l y  p e r fo r m e d  in  an LKB W a l l a c  1217  
R a c k b e ta  L i q u i d  S c i n t i l l a t i o n  C o u n te r  ( T u r k u ,  F i n l a n d ) .
M y o - [ 3 H ] - I n o s i t o l  , 8 0 - 1 2 0  Ci mmol-1  
M y o - [ 2 - 3H ] - I n o s i t o l  w i t h  P T 6 -2 7 1 ,  1 7 . 8  Ci mmol-1  
M y o - [ U - 14C ] - i n o s i t o l , 55 mCi mmol-1
L - m y o - [ U - 14C ] - I n o s i t o l  1 - P h o s p h a t e ,  Ammonium s a l t ,  55 mCi 
mmol-1
q
D - m y o - [ 2 -  H ] - I n o s i t o l  1 , 4 - B i s p h o s p h a t e , P o ta s s iu m  s a l t ,
1 .0  Ci mmol-1
q
D -m yo - [  H ] - I n o s i t o l  1 , 4 , 5 - T r i s p h o s p h a t e , P o ta s s iu m  s a l t ,  60 
Ci mmol-1
q _  -|
P h o s p h a t i d y l  [ 2 -  H] I n o s i t o l - 4 , 5 - B i s p h o s p h a t e , 1 . 0  Ci mmol
2.6 BI i gh .and. Dyer. (...1959) . Extraction Technique
T h i s  i s  e s s e n t i a l l y  a l i p i d  e x t r a c t i o n  t e c h n i q u e  ( B l i g h  and 
D y e r ,  1 9 5 9 ) ,  b u t  one in  w h ich  2 l a y e r s  a r e  p ro d u c e d ;  t h e  
upper  l a y e r  c o n t a i n s  w a t e r  s o l u b l e  m e t a b o l i t e s  w h ereas  t h e  
lo w e r  '’ r e q u i r e d "  l a y e r  c o n t a i n s  l i p i d  s o l u b l e  m o i e t i e s .
Y e a s t  c u l t u r e s  w ere  h a r v e s t e d  by c e n t r i f u g a t i o n  (MSE C e n ta u r  
1 bench c e n t r i f u g e ,  10 min a t  3120 x g ) and washed in  
d i s t i l l e d  w a t e r .  The p e l l e t  was assumed t o  c o n t a i n  80 % 
w a t e r .  An equ a l  volume o f  c h l o r o f o r m  and two vo lum es o f  
m ethanol  ( b o t h  BDH, HPLC g r a d e )  were added t o  t h e  p e l l e t
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w hich  was th e n  mixed by v o r t e x i n g  f o r  2 m in .  F o l l o w i n g  
c e n t r i f u g a t i o n ,  t h e  s u p e r n a t a n t  was removed and t h e  
t r e a t m e n t  was r e p e a t e d .  Two volumes o f  c h l o r o f o r m  w ere  th e n  
added t o  t h e  p o o le d  s u p e r n a t a n t s  and t h e  m i x t u r e  v o r t e x e d  
f o r  30 s .  Two volumes o f  w a t e r  were th e n  added and t h e  
sample  was a g a in  v o r t e x e d  f o r  30 s .  C e n t r i f u g a t i o n  ( 1 0  min 
a t  3120 x g )  was th e n  used t o  s e p a r a t e  t h e  e x t r a c t s  i n t o  a 
b i p h a s i c  s o l u t i o n .
2 . 7  P r o d u c t i o n  o f  Dowex Column
A g l a s s  P a s t e u r  p i p e t t e  ( B i l b a t e )  was t a k e n  and broken  
a p p r o x i m a t e l y  1 in c h  below t h e  “s h o u l d e r ” . A s m a l l  amount o f  
g l a s s  wool was th e n  r o l l e d  i n t o  a b a l l  and c a r e f u l l y  
p o s i t i o n e d ,  u s in g  a g l a s s  rod o r  s i m i l a r  d e v i c e ,  t o w a rd s  t h e  
bot tom  o f  t h e  P a s t e u r  p i p e t t e .  The p i p e t t e  b a r r e l  was 
f l u s h e d  th r o u g h  w i t h  a few  m i l l i l i t r e s  o f  w a t e r  t o  e n s u r e  
s t a b i l i t y  o f  t h e  p lu g  and Dowex a n io n  exchange  r e s i n  was 
i n t r o d u c e d .
Dowex s l u r r y  AG-1X8 ( 2 0 0 - 4 0 0  mesh, f o r m a t e  f o r m ,  B io  Rad,  
Hemel Hempstead,  H e r t s . ,  UK ) ,  was p r e p a r e d  by m ix in g  t h e  
Dowex a n io n  exchange r e s i n  i n  1:1 ( w / v )  r a t i o  w i t h  d i s t i l l e d  
w a t e r .  The s l u r r y  was b e s t  made in  l a r g e  v o lu m e s ,  and 
a l l o w e d  t o  ' d e - f i n e * ,  w h i l s t  s t o r e d  i n  t h e  r e f r i d g e r a t o r  
(4  ° C ) .  Once r e s i n  and w a t e r  were m ixed ,  t h e  s l u r r y  w ould  
s e t t l e ,  l e a v i n g  t i n y  f i l a m e n t s  v i z  ' f i n e s ’ suspended i n  t h e  
aqueous phase .  The aqueous phase was removed and t h e  s l u r r y  
re s u s p e n d e d .  The more t i m e s  ' d e - f i n i n g ’ was p e r f o r m e d ,  t h e
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c l e a n e r  t h e  Dowex a n io n  exchange r e s i n  became, r e s u l t i n g  i n  
a f a s t e r  f l o w  t h r o u g h  t h e  co lumn w h ich  f a c i l i t a t e d  
s e p a r a t i  o n s .
P r i o r  t o  use, t h e  Dowex a n io n  exchange r e s i n  was resuspended  
by s h a k in g  and 1 ml o f  t h e  s l u r r y  was i n t r o d u c e d  i n t o  t h e  
P a s te u r  p i p e t t e  b a r r e l . Once s e t t l e d  above t h e  g l a s s  wool 
p l u g ,  w a t e r  was f l u s h e d  t h r o u g h  t o  e q u i l i b r a t e  t h e  co lum n ,  
and t o  e n s u re  t h a t  t h e  Dowex r e s i n  d i d  n o t  become d r y .  
P a s te u r  p i p e t t e s  were r e p la c e d  d u r i n g  t h e  p r o j e c t  by r e ­
u s a b le  0 .5  x 10 cm Econo-co lum n c h ro m a to g ra p h y  co lumns ( B i o  
Rad, H e r t s . ,  UK) w h ich  a l l o w e d  10 cm Dowex a n io n  exchange 
co lumns t o  be c o n n e c te d  t o  t h e  HPLC a p p a r a t u s .  Dowex a n io n  
exchange s l u r r y  was poured  d i r e c t l y  i n t o  t h e  co lumn b a r r e l  
and t h e  r e s i n  was e q u i l i b r a t e d  by f l u s h i n g  w i t h  w a t e r .  
Samples o f  more th a n  2 ml i n  vo lume were f r e q u e n t l y  
a n a ly s e d  u s in g  t h i s  e q u ip m e n t .
Fi  g u re  2 . 1 .
Fig, 2,1 
Bio Rad
r e p r e s e n t s  t h e  
E c o n o -c o lu m n s .
Bui 11 i n  f i 1t e r s  
a l l o w  Dowex r e s i n  
t o  be i m m e d ia te l y  
poured  i n ,  and 
c o n n e c t i o n  t o  HPLC 
a l l o w e d  g r a d i e n t s  
t o  be ru n .
Econo-columns
A: Plastic lid 
B: Glass barrel 
C: Plastic base with filter
B
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2 . 8  E l u t i o n  Regime f o r  Removal o f  I n o s i t o l  P h o sp h a tes  
f ro m  Dowex An ion  Exchange R e s in  ( N a h o r s k i ,  1989 ,  P e r s .  
comm.)
The f r a c t i o n s  c o l l e c t e d  f ro m  s e p a r a t i o n s  by Dowex a n io n  
exchange w ere  g e n e r a l l y  2 ml i n  vo lum e,  measured by 
c o l l e c t i o n  o f  d rops  i n t o  a c a l i b r a t e d  d i s p o s a b l e  p l a s t i c  
m ic r o  t e s t  t u b e .  Once t h e  sample  had been added t o  t h e  
column,  and passed c o m p l e t e l y  t h r o u g h ,  t h e  e l u t i o n  o f  
p o t e n t i a l l y  p r e s e n t  i n o s i t o l  p ho s pha tes  c o u ld  b e g in ;  u s i n g  a 
g r a d i e n t  o f  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  ammonium f o r m a t e  .
Low i o n i c  c h a rg e  i n o s i t o l  was removed by 7 x 2 ml f r a c t i o n s  
o f  d i s t i l l e d  w a t e r ,  due t o  i t s  h ig h  s o l u b i l i t y .  Ammonium 
f o r m a t e  (5  x 2 ml o f  0 . 0 2 5  M) removed g l y c e r o p h o s p h o -  
i n o s i t o l ,  an unwanted b y - p r o d u c t ,  produced a t  t h e  c e l l  
s u r f a c e  by t h e  d e a c y l a t i o n  o f  p h o s p h a t i d y l - i n o s i t o l  ( W h i t e  
e t  a 7 . ,  1 9 9 1 ) .  Ammonium f o r m a t e  ( 7 x 2  ml o f  0 . 2  M i n  0 .1  M 
f o r m i c  a c i d  (BDH))  was used t o  e l u t e  i n o s i t o l  monophosphate  
( I P - j ) .  Ammonium f o r m a t e  (7  x 2 ml o f  0 . 5  M i n  0 .1  M f o r m i c  
a c i d )  removed i n o s i t o l  b is p h o s p h a t e s  ( I P 2 ) f ro m  t h e  co lumn.  
I n o s i t o l  t r i s p h o s p h a t e  ( I P 3 ) ,  t h e  sec o n d a ry  messenger  and 
i t s  isom ers  were e l u t e d  by 5 x 2 ml o f  0 . 7  M ammonium 
f o r m a t e  i n  f o r m i c  a c i d .  Ammonium f o r m a t e  ( 5  x 2 ml o f  1 . 0  M 
in  0 .1  M f o r m i c  a c i d )  d i s p l a c e d  i n o s i t o l  t e t r a k i s p h o s p h a t e  
( I P 4 ) ,  and f i n a l l y  5 x 2 ml 2 . 0  M ammonium f o r m a t e  in  f o r m i c  
a c i d  removed any r e m a i n in g  p h o s p h a te s ,  such as i n o s i t o l  
p e n t a k i s p h o s p h a t e  ( I P 5 ) o r  p h y t i c  a c i d  ( I P 6 ) .
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Dowex a n io n  exchange columns were used o n l y  once because a t  
t h e  end o f  an e l u t i o n ,  t h e  r e s i n  was r e c o v e r e d  f ro m  t h e  
P a s t e u r  p i p e t t e  o r  Econo-co lum n,  resuspended  i n  2 ml w a t e r  
and c o u n te d  t o  check t h a t  a l l  t h e  r a d i o a c t i v i t y  had been 
removed.  T h i s  made i t  p o s s i b l e  t o  assess  t h e  e f f i c i e n c y  o f  
r a d i o a c t i v i t y  r e c o v e r y  f ro m  t h e  column and m o n i t o r  t r a c e r  
d i s t r i b u t i o n  t h r o u g h o u t  an e x p e r i m e n t .
2 . 9  H ig h  P e r fo r m a n c e  L i q u i d  C h ro m a to g ra p h y (HPLC)
A n a l y s i s  by HPLC was p e r fo r m e d  u s in g  a P a r t i s i l  ( 1 0  m ic r o n )  
SAX 25 cm a n io n  exchange  co lum n,  co u p le d  w i t h  a 2 . 5  cm guard  
column packed w i t h  p e l l i c u l a r  a n io n  exchange r e s i n  i n  an FSA 
HPLC c a r t r i d g e  system  (FSA l a b o r a t o r y  s u p p l i e s ,  L e i c s . ,
Engl a n d ) .
The h ig h  p r e s s u r e  g r a d i e n t  e l u t i o n  systems w ere  p r o v i d e d  by 
2 Model 305 P i s t o n  Pumps ( G i l s o n  M e d ic a l  E l e c t r o n i c s  I n c ,
W I , USA),  w i t h  WSC-type p i s t o n  pump heads and m o b i le  phase  
m ix in g  was p e r fo r m e d  by a G i l s o n  8 1 1B Dynamic M i x e r .
I n t e r n a l  p r e s s u r e  was m o n i t o r e d  by a G i l s o n  805 M a n o m e t r ic  
module and f r a c t i o n s  w ere  c o l l e c t e d  u s in g  a G i l s o n  FC 203  
F r a c t i o n  C o l l e c t o r  ( F i g .  2 . 2 )
Samples w ere  i n j e c t e d  i n t o  a Rheodyne 7125 L o a d in g  Sample  
I n j e c t o r  (Rheodyne,  C a l i f o r n i a ,  USA),  u s in g  100 m i c r o l i t r e  
H a m i l t o n  s y r i n g e s  ( 7 0 0  S e r i e s ) ,  ( H a m i l t o n  Bonaduz AG, 
Bonaduz, S w i t z e r l a n d ) .  The e l u t i o n  reg im e  used was f ro m  
B a t t y  e t  a l . ,  ( 1985 ,  1 9 8 9 )  a f t e r  Dean and Moyer ( 1 9 8 7 ) .  The
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e l u t i n g  g r a d i e n t s  were composed o f  w a t e r  and ammonium 
d ih y d r o g e n  o r th o p h o s p h a t e  ( ( NH4 )H2 P04 ) ,  a d j u s t e d  t o  pH 3 .7  
u s in g  p h o s p h o r i c  a c i d  (H3 PO4 ) .  F o l l o w i n g  sample i n j e c t i o n ,  
f r e e  i n o s i t o l  was e l u t e d  by w ash ing  t h e  column f o r  15 
m in u te s  w i t h  w a t e r  o n l y .  The i n o s i t o l  p h o sp h a te s  were th e n  
s e p a r a te d  by a p p l y i n g  3 c o n s e c u t i v e  g r a d i e n t s  a t  a f l o w  r a t e  







F i g .  2 . 2 .  D ia g ra m m a t ic  R e p r e s e n t a t i o n  o f  t h e  HPLC A p p a ra tu s  
N.B. P = Pump
A l i n e a r  g r a d i e n t  o f  0 -6 0  mM (NH4 )H2 P0 4  was a p p l i e d  o v e r  30 
m in u te s  t o  s h i f t  GPI and I P 1 . T h i s  was f o l l o w e d  by i s o c r a t i c  
e l u t i o n  a t  190 mM (NH4 )H2 P0 4  f o r  15 m in u t e s  f o l l o w e d  by th e
54
second g r a d i e n t ,  a l i n e a r  i n c r e a s e  in  (NH4 )H2 P0 4 
c o n c e n t r a t i o n  t o  300  mM t h a t  s e p a r a t e d  GPIP and I P 2 i s o m e r s .
GPIP2 and I P 3 iso m ers  were  s e p a r a t e d  by i s o c r a t i c  e l u t i o n  
f o r  35 m in u te s  a t  500 mM (NH4 )H2P0 4 . The h i g h e r  p h o s p h a te s  
were e l u t e d  f ro m  t h e  column by a 15 m in u te  wash w i t h  1 . 4  M 
(NH4 )H2 P04 .
I n  Summary: S o l u t i o n  A = W ate r
S o l u t i o n B  = (NH4 )H2 P04 1 . 4  M o la r
Flow r a t e  = 1 ml min 1
Mi n u te s E l u t a n t Comments
0 0 - 1 5 1 0 0 . OX A Removed I n o s i t o l
1 5 -4 5 4.3% B 0 - 6 0  mM B, Removed IP-j & GPI
4 5 - 4 6 13.6% B S h i f t  t o  190mM B
4 6 -6 1 13.6% B I s o c r a t i c  190 mM e l u t i o n g r a d i e n t
6 1 - 7 6 21.4% B t o  300 mM. S h i f t e d  IP ?  & GPIP
7 6 - 7 7 35.7% B S h i f t  t o  500 mM B t h e n  i s o c r a t i c
7 7 - 1 1 2 35.7% B e l u t i o n  t o  removed I P 3 & g p i p 2
1 1 2 -1 1 3 1 0 0 . 0% B Jump t o  1 . 4  M B
1 1 3 -1 2 8 1 0 0 . 0% B I s o c r a t i c  e l u t i o n  o f  I P 4 ■
94 ml A, and 34 ml B u s e d .
2 .1 0  D e te c t io n  o f  Enzvme A c t i v i t y
2«1Q..1 .Pftosphplipase C (Me.thed A)
One hundred m i l l i l i t r e s  o f  c e l l s  in  YEPD w ere  grown t o  a  
s u i t a b l e  o p t i c a l  d e n s i t y  and h a r v e s t e d  by c e n t r i f u g a t i o n .  
The c e l l  f r e e  e x t r a c t  was d i s c a r d e d  and t h e  p e l l e t  
resuspended  in  2 ml B re a k a g e  b u f f e r  o r  T r i s / H C l  (See  
d i s c u s s i o n ) .  The c e l l s  w ere  broken  by s h a k in g  w i t h  g l a s s  
beads f o r  35 seconds i n  a Braun hom ogen iser  (C .  B rau n ,  
M elsungen ,  Germany) and t h e  homogenate was t r a n s f e r r e d  t o
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E p p e n d o r f  t u b e s  th r o u g h  a c o a rs e  s i e v e  t o  remove t h e  g l a s s  
beads .  C e n t r i f u g a t i o n  (1 min a t  11600 x g )  was used t o  
s e p a r a t e  t h e  s u p e r n a t a n t  and p e l l e t .  Ten m i c r o l i t r e s  ( 0 . 1 0  
p c i )  o f  P I P 2 was added t o  t h e  s u p e r n a t a n t  and t h i s  was 
i n c u b a t e d  a t  30 °C f o r  10 m in u te s  -  2 hou rs  (S e e  R e s u l t s  
3 . 1 0 ) .  R e a c t i o n s  were t e r m i n a t e d  by i n c u b a t i o n  a t  100 °C f o r  
2 m in u te s .  The sam ples  were p e l l e t e d  by c e n t r i f u g a t i o n  and 
t h e  s u p e r n a t a n t  was removed and p o o led  f o r  a p p l i c a t i o n  t o  a 
Dowex a n io n  exchange co lum n.  P e l l e t  samples w ere  t r e a t e d  in  
a s i m i l a r  manner f o l l o w i n g  r e s u s p e n s io n  i n  1 ml o f  b u f f e r  
and b r i e f  v o r t e x  m ix in g  t o  r e l e a s e  w a t e r  s o l u b l e  p r o d u c t s .
2.1Q.2 Bhospholi pase .C. (Me.thod .BI
M i d - e x p o n e n t i a l  c e l l s  w ere  h a r v e s t e d  by c e n t r i f u g a t i o n  and 
washed in  w a t e r  ( 1 0  m l ) .  The c e l l s  were  t h e n  b ro ke n  by Braun  
h o m o g e n is a t io n  in  5 - 7  ml o f  t h e  improved b u f f e r  ( 5 0  mM 
HEPES, 1 mM C a C l2 , 100 mM N a C l , 1 mg“ 1 sodium d e o x y c h o l a t e , 
0 . 5  mg m l -1 B o v in e  serum a l b u m i n ) ,  and t h e  beads were washed  
r e p e a t e d l y  u n t i l  18 ml o f  homogenate w ere  r e c o v e r e d .  A 
s o l u t i o n  o f  3H - P I P 2 was made up in  t h e  im proved  b u f f e r  ( 1 0  
pCi in  2 . 5  m l )  and f o l l o w i n g  t h e  removal  o f  0 . 5  ml as a TO 
min sam ple ,  t h e  s u b s t r a t e  and enzyme s o u rc e  w ere  mixed and 
i n c u b a t e d  a t  30 °C f o r  1 h w i t h  s h a k in g  ( 1 2 0  RPM). Samples  
(5  m l )  were  t a k e n  a t  5 ,  20 ,  40 and 60 m in ,  and r e a c t i o n s  
w ere  h a l t e d  by i n c u b a t i o n  a t  100 °C f o r  2 m in .  S u p e r n a t a n t s  
were removed a f t e r  c e n t r i f u g a t i o n  and e l u t e d  f ro m  1 ml Dowex 
r e s i n  co lum ns.
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2 . 1 0 . 3  I P ^  P h ospha tase
S t r a i n  MC3 was grown t o  m i d - e x p o n e n t i a l  g ro w th  phase and 
h a r v e s t e d  by c e n t r i f u g a t i o n  ( 1 0  min a t  3120 x  g ) . The p e l l e t  
was washed,  resuspended  in  30 ml o f  ph o sp h a te  b u f f e r  (pH 
7 . 0 )  and p ro b e  s o n i c a t e d  f o r  1 0 - 1 5  min .  The homogenate was
o
t r a n s f e r r e d  t o  a s t e r i l e  100 ml f l a s k  and t r a c e r  H - I P 3 (5 0  
p i ,  0 . 5  p C i ) was added.  The m i x t u r e  was i n c u b a t e d  a t  25 °C  
f o r  60 min d u r i n g  w h ich  sam ples  ( 4  m l )  were  removed and 
t r a n s f e r r e d  t o  s t e r i l e  U n i v e r s a l  b o t t l e s .  R e a c t i o n  were  
h a l t e d  by b o i l i n g  f o r  2 m in ,  and ,  f o l l o w i n g  c e n t r i f u g a t i o n ,  
t h e  s u p e r n a t a n t  was a p p l i e d  t o  a Dowex a n io n  exchange  
c o lu m n .
2 .1 1  D e t e c t i o n  o f  I n o s i t o l  M e t a b o l i t e s
C e l l s  w ere  grown t o  an a p p r o p r i a t e  d e n s i t y  i n  100 ml o f  
d e f i n e d  m in im a l  medium, sup p le m e n te d  w i t h  i n o s i t o l  (MM 
i n o + ) .  F o l l o w i n g  h a r v e s t  by c e n t r i f u g a t i o n  and d i s p o s a l  o f  
t h e  c e l l  f r e e  e x t r a c t ,  t h e  c e l l s  were resuspended  in  100 ml 
o f  d e f i n e d  m in im a l  medium w i t h o u t  i n o s i t o l  (MM i n o ” ) .  The  
f l a s k  was resh a ken  f o r  two hours  a t  30 °C t o  s t a r v e  t h e  
c e l  1s o f  i n o s i t o l .
The c e l l s  w ere  r e h a r v e s t e d ,  and t h e  p e l l e t  resuspended  i n  
10 ml o f  MM i n o ” . The t r a c e r  was th e n  added,  u s u a l l y  a known 
volume o f  t r i t i a t e d  i n o s i t o l  w i t h  o r  w i t h o u t  PT6-271  and 
equa l  a l i q u o t s  o f  t h e  s u s p e n s io n  w ere  p i p e t t e d  i n t o  s t e r i l e  
u n i v e r s a l  b o t t l e s .  The t u b e s  were  i n c u b a t e d  a t  30 °C f o r
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t im e d  p e r i o d s  b e f o r e  r e a c t i o n s  w ere  t e r m i n a t e d  by b o i l i n g  
f o r  2 m in u t e s .  The s o l u t i o n s  w ere  c o o le d ,  b e f o r e  
c e n t r i f u g a t i o n  ( 1 0  min a t  3120  x g)  and c o l l e c t i o n  o f  t h e  
s u p e r n a t a n t s  f o r  column i n t r o d u c t i o n .
2.12 Glucose Stimulated-blydrc>l.ysi§ .of. PIP2_(KaibMChi et .a y..* 
198 6 )
Y e a s t  s t r a i n  MC3 was grown t o  l a t e  e x p o n e n t i a l  g ro w th  pha se ,  
h a r v e s t e d  by c e n t r i f u g a t i o n  and washed in  d i s t i l l e d  w a t e r .  
The p e l l e t  was resuspended  in  MM i n o + and su p p le m e n te d  w i t h  
r a d i o a c t i v e  i n o s i t o l  ( 2 0  pCi m l- 1 ) .  The c u l t u r e  was 
i n c u b a t e d  f o r  24 h ou rs  w i t h  s h a k in g  a t  30 °C  th e n  
r e h a r v e s t e d  t o  o b t a i n  t h e  p r i m a r y  s u p e r n a t a n t .  The p e l l e t  
was resuspended  i n  MES ( 2 - [ N - M o r p h o l i n o ] -  e t h a n e s u l p h o n i c  
a c i d ) / T r i s  b u f f e r  ( 0 . 1  M, pH 6 . 5 )  and i n c u b a t e d  f o r  2 ho u rs  
b e f o r e  s t i m u l a t i o n  w i t h  25 mM g lu c o s e .  I n c u b a t i o n  c o n t i n u e d  
f o r  45 min u n t i l  r e a c t i o n s  w ere  t e r m i n a t e d  and p o t e n t i a l l y  
p r e s e n t  p h o s p h a te s  w ere  e x t r a c t e d  f rom  t h e  s e c o n d a r y  
s u p e r n a t a n t .
2 . 13 Preparation of Sphaerpplasts
H a r v e s t e d  o rg a n is m s  w ere  washed once in  w a t e r ,  t h e n  in  
b u f f e r e d  s o r b i t o l .  C e l l s  w ere  suspended i n  t h e  same b u f f e r  
t o  10 mg d r y  wt  m l - 1 . Zym olyase  1 0 0 ,0 0 0  ( K i r i n  Brew ery  Co.  
L t d . ,  T a k a s a k i , J a p a n . )  was th e n  added ( 0 . 1  mg ( 1 0  mg d r y  
wt o r g a n i s m ) - 1 ) and t h e  s u s p e n s io n  in c u b a t e d  a t  30 °C w i t h  
r e c i p r o c a l  s h a k in g  (1 2 0  RPM). A f t e r  i n c u b a t i o n  f o r  1 h o u r ,  a
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check t h a t  f o r m a t i o n  o f  s p h a e r o p l a s t s  was made by d i l u t i n g  
0 .1  ml p o r t i o n s  o f  t h e  s u s p e n s io n  i n t o  2 . 9  ml o f  bo th  1 . 2  M 
s o r b i t o l  and w a t e r  and m e a s u r in g  t h e  o p t i c a l  d e n s i t y  a t  
600 nm.
2 . 1 4  I s o l a t i o n  o f  P lasm a Membranes
Plasma membranes w ere  i s o l a t e d  f ro m  s p h a e r o p l a s t s  t h a t  had 
been s u r f a c e - l a b e l l e d  w i t h  c a t i o n i c  s i l i c a  m ic ro b e a d s  
( S c h m id t  e t  a l . ,  1983;  Chaney and Jacobson ,  1 9 8 3 ) .
S p h a e r o p l a s t s  w ere  washed t h r e e  t i m e s  ( c e n t r i f u g e  a t  2000  x 
g f o r  3 m in )  in  c o a t i n g  b u f f e r  ( 1 . 2  M s o r b i t o l  c o n t a i n i n g  
25 mM sodium a c e t a t e  and 0 .1  M p o ta s s iu m  c h l o r i d e ;  pH 6 . 0 ) ,
t h e  p o p u l a t i o n  c o u n te d  and t h e n  suspended i n  c o a t i n g  b u f f e r
ft — 1t o  1 . 5  x 10 s p h a e r o p l a s t s  ml . S u sp en s io n s  o f
s p h a e r o p l a s t s  and m ic ro b e a d s  (3  %, w / v ,  i n  c o a t i n g  b u f f e r )
w ere mixed in  t h e  r a t i o  2 : 1 .  A f t e r  i n c u b a t i o n  f o r  3 min a t
4 °C t h e  s u s p e n s io n  o f  c o a te d  s p h a e r o p l a s t s  was c e n t r i f u g e d
( 2 0 0 0  x g f o r  4 m i n ) ,  t h e  s p h a e r o p l a s t s  washed once in
c o a t i n g  b u f f e r  and th e n  suspended in  t h e  same b u f f e r  t o  a
f t  — 1c o n c e n t r a t i o n  o f  10 s p h a e r o p l a s t s  ml . T h i s  s u s p e n s io n  was
d i l u t e d  w i t h  an e q u a l  vo lume o f  c o a t i n g  b u f f e r  (pH 6 . 0 )
c o n t a i n i n g  2 mg m l~ 1 p o l y a c r y l i c  a c i d  (M r 9 0 , 0 0 0 )  and t h e
s p h a e r o p l a s t s  washed once w i t h  c o a t i n g  b u f f e r .  The
s p h a e r o p l a s t s  w ere  t h e n  resuspended  in  l y s i s  b u f f e r  (5  mM
T r i s - H C l  c o n t a i n i n g  1 mM EGTA; pH 8 . 0 )  t o  10® s p h a e r o p l a s t s
ml-1 and t h e  s u s p e n s io n  v o r t e x e d  f o r  5 min c a u s in g  a t  l e a s t
95% l y s i s .  The l y s a t e  was c e n t r i f u g e d  ( 3 0 0 0  x g f o r  5 m i n ) ,
t h e  p e l l e t  o f  p iasma-membrane washed t h r e e  t i m e s  i n  l y s i s
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b u f f e r  and th e n  suspended in  10 ml assay  b u f f e r  ( 1 0 0  mM 
M E S / T r i s ,  80 mM KC1, 6 mM MgC12 , pH 6 . 5 ) .
The p r o t e i n  c o n t e n t  o f  t h e  piasma-membrane p r e p a r a t i o n  was 
assayed u s in g  t h e  B io -R a d  p r o t e i n  assay ( B i o  Rad 
L a b o r a t o r i e s , M un ich ,  G erm any) ,  a method based on t h e  d y e -  
b i n d i n g  t e c h n i q u e  o f  B r a d f o r d  ( 1 9 7 6 ) .  P o r t i o n s  ( 0 . 1  m l )  o f  
piasma-membrane p r e p a r a t i o n  w ere  s o l u b i l i z e d  by b o i l i n g  f o r  
5 min a f t e r  a d d i t i o n  o f  an e q u a l  volume o f  1 M NaOH. The 
s o l u t i o n  was th e n  c o o l e d ,  n e u t r a l i z e d  by a d d i t i o n  o f  1 M HC1 
( 0 . 1  m l )  and 0 . 2  ml a c e t i c  a c i d - s o d i u m  a c e t a t e  b u f f e r  ( 0 . 2  M 
a t  pH 5 . 0 ) .  The amount o f  p r o t e i n  in  sam ples  was c a l c u l a t e d  
u s in g  b o v in e  serum a lb u m in  as a s t a n d a r d .
2-..15 -Lip.i d Ex tra c ti on
Pre -w ashed  o rg a n is m s  grown t o  a s u i t a b l e  phase o f  grow th  
were mixed w i t h  1 0 - 1 5  ml o f  e t h a n o l  (1 0 0  %) a t  80 ° C .  The  
m i x t u r e  was b r i e f l y  v o r t e x e d  and in c u b a t e d  a t  80 °C f o r  15 
min in  a w a t e r  b a t h .  T h i s  p ro c e s s  d e a c t i v a t e d  l i p o l y t i c  
enzymes and s p l i t  l i p i d  p r o t e i n  l i n k a g e s  ( L e t t e r s ,  1 9 6 7 ) .
The e x t r a c t  was f i l t e r e d  t h r o u g h  a 2 . 5  cm f i n e  g l a s s  
m i c r o f i b r e  f i l t e r  ( G F / F ,  Whatman, UK) und er  vacuum and t h e  
f i l t r a t e  p i p e t t e d  i n t o  a s e p a r a t i n g  f u n n e l .  The r e s i d u e  was 
e x t r a c t e d  two o r  t h r e e  t i m e s  w i t h  m e t h a n o l : c h l o r o f o r m  ( 2 : 1  
v / v )  f o r  2 ho u rs  as i t  was s t i r r e d  m a g n e t i c a l l y  on a f l a t  
bed s t i r r e r  a t  room t e m p e r a t u r e .  The e x t r a c t s  w ere  p o o le d  i n  
t h e  s e p a r a t i n g  f u n n e l  and washed w i t h  a 0 . 2 5  vo lume o f
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0 . 8 8  M KC1 a c c o r d in g  t o  F o lc h  e t  a l . ( 1 9 5 7 ) .  The m i x t u r e  was 
l e f t  o v e r n i g h t  t o  s e p a r a t e .  The lo w e r  o r g a n i c  phase was 
removed and t a k e n  t o  n e a r  d r y n e s s  in  a r o t a r y  e v a p o r a t o r  
p r i o r  t o  f u r t h e r  t r e a t m e n t .  The upper  aqueous l a y e r  was 
o f t e n  c o l l e c t e d ,  c o n c e n t r a t e d  by i n c u b a t i o n  i n  a vacuum oven  
and a n a ly s e d  by columnn c h r o m a t o g r a p h y .
.16.. MiJd.Al kali ne Peacy.1 at  i on of... PhQ.sphati.des ..and 
G ly c o l ip id s
L i p i d  samples  t h o u g h t  t o  c o n t a i n  r a d i o a c t i v e  
p h o s p h o i n o s i t i d e s  ( p r e p a r e d  as d e s c r i b e d  in  M a t e r i a l s  and 
Methods 2 . 1 5 )  were  t r a n s f e r r e d  t o  a 15 ml g l a s s - s t o p p e r e d  
t u b e  and e v a p o r a t e d  t o  d r y n e s s  und er  a s t r e a m  o f  n i t r o g e n .
To t h e  r e s i d u e ,  0 . 2  ml c h l o r o f o r m ,  0 . 3  ml o f  m ethano l  and 
0 . 5  ml m e t h a n o l i c  NaOH ( 0 . 2  N, f r e s h l y  p r e p a r e d  and 
c l a r i f i e d  by c e n t r i f u g a t i o n  i f  n e c e s s a r y )  w ere  added in  
s u c c e s s io n .  The s o l u t i o n  was v o r t e x e d  b r i e f l y  and l e f t  t o  
s ta n d  a t  room t e m p e r a t u r e  f o r  15 m in .  I m m e d i a t e l y ,  0 . 2  ml 
m e t h a n o l ,  0 . 8  ml c h l o r o f o r m  and 0 . 9  ml w a t e r  w ere  added  
s e q u e n t i a l l y  and t h e  m i x t u r e  was a g a in  v o r t e x  m ix e d .  The  
sample  was t h e n  c e n t r i f u g e d  f o r  1 min a t  1000 x gr, t o  
produce  a b i p h a s i c  s o l u t i o n .  The upper  m e t h a n o l - w a t e r  phase  
was i m m e d ia t e l y  t r a n s f e r r e d  v i a  P a s t e u r  p i p e t t e  t o  a 15 ml 
c e n t r i f u g e  tu b e  c o n t a i n i n g  0 . 3 - 0 . 5  ml o f  c a t i o n  exchange  
r e s i n  (D ow ex-50  (H+ ) c a t i o n  exchange  r e s i n  was washed once  
w i t h  1 N HC1 and th e n  w i t h  w a t e r  u n t i l  t h e  s u p e r n a t a n t  was 
n e u t r a l .  The r e s i n  was t h e n  d r a i n e d  and used w h i l e  m o i s t ) .  
The m i x t u r e  was v o r t e x e d  v i g o r o u s l y  u n t i l  t h e  s u p e r n a t a n t
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was n e u t r a l  o r  s l i g h t l y  a c i d i c  t o  i n d i c a t o r  p a p e r  ( c a . pH 5 -  
6 ) .  The m i x t u r e  was a g a in  c e n t r i f u g e d  and t h e  s u p e r n a t a n t  
t r a n s f e r r e d  t o  a n o t h e r  15 ml t u b e .  The r e m a i n in g  c h l o r o f o r m  
l a y e r  was washed t w i c e  w i t h  0 . 5  ml o f  m e t h a n o l - w a t e r  ( 1 0 : 9  
v / v )  and t h e  m e t h a n o l - w a t e r  w ash ings  were  used t o  wash t h e  
i o n - e x c h a n g e  r e s i n .  The combined m e t h a n o l - w a t e r  phases w ere  
n e u t r a l i z e d  w i t h  a few  d rops  o f  m e t h a n o l i c  NH4OH ( 1 . 5  N) 
p r i o r  t o  e x a m i n a t i o n  by HPLC.
Method o b t a i n e d  f rom  K a te s  ( 1 9 7 2 )  a f t e r  B r o c k e r h o f f  ( 1 9 6 3 ) ,  
Dawson e t  a l .  ( 1 9 6 2 ) ,  Dawson ( 196 7 )  and Hubscher  e t  a l .
( 1960)  .
2 . 1 7  HPLC E l u t i o n  o f  D e a c v l a t e d  P h o s p h a t id e s
The d e a c y l a t e d  p r o d u c t s  were  a n a ly s e d  on t h e  p r e v i o u s l y  
d e s c r i b e d  HPLC a p p a r a t u s  u s in g  a p r o c e d u r e  d e s c r i b e d  by 
S e y f r e d  and W e l l s  ( 1 9 8 4 )  and W e l l s  e t  a l .  ( 1 9 8 7 )  a f t e r  
D i t t m e r  and W e l l s  ( 1 9 6 9 ) .  A p o l y p h a s i c  g r a d i e n t  b e g in n i n g  
w i t h  100 mM ammonium f o r m a t e ,  pH 9 . 5  and e n d in g  w i t h  750 mM 
ammonium f o r m a t e ,  pH 9 . 5  was used t o  e l u t e  t h e  
p h o s p h o l i p i d s .  F r a c t i o n s  ( 0 . 8  m l )  were  c o l l e c t e d  a t  a f l o w  
r a t e  o f  0 . 6  ml m in-1 i n t o  s c i n t i l l a t i o n  v i a l s .  Four  
m i l l i l i t r e s  o f  O p t i p h a s e  ' S a f e ’ s c i n t i l l a t i o n  f l u i d  (LKB,  
FSA, Loughborough,  UK) was added t o  t h e  sam ples  which  w ere  
c ou nte d  in  a l i q u i d  s c i n t i l l a t i o n  c o u n t e r .
A l i n e a r  g r a d i e n t  o f  0 - 1 0 0  mM ammonium f o r m a t e  was a p p l i e d  
o v e r  15 min t o  remove unwanted compounds o f  low i o n i c
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s t r e n g t h .  T h i s  was f o l l o w e d  by a second l i n e a r  g r a d i e n t  t o  
450 mM ammonium f o r m a t e  (5  m in )  which e l u t e d  GPI f ro m  t h e  
column.  A t h i r d  l i n e a r  g r a d i e n t  t o  500 mM ammonium f o r m a t e  
was a p p l i e d  o v e r  15 min t o  remove d e a c y l a t e d  p h o s p h o l i p i d  
p r o d u c t s  t h a t  were n o t  d e t e c t a b l e  u s in g  a r a d i o a c t i v e  
i n o s i t o l  l a b e l l i n g  scheme. A f i n a l  l i n e a r  i n c r e a s e  in  
ammonium f o r m a t e  c o n c e n t r a t i o n  t o  750 mM ( 2 0  m in )  e l u t e d  
GPIP f ro m  t h e  column and i s o c r a t i c  e l u t i o n  a t  t h i s  
c o n c e n t r a t i o n  removed GPIP2 and c l e a r e d  t h e  co lumn.
I n  Summary: S o l u t i o n  A = W ate r
S o l u t i o n  B = 750 mM Ammonium f o r m a t e
Flow R a te  = 0 . 6  ml m in” 1
Sample s i z e  = 1 . 3  min f r a c t i o n
M in u te s  E l u t a n t  Comments
0 0 - 1 5 . 6  13.3% B G e n t l e  g r a d i e n t  t o  100 mM B
1 5 . 6 - 2 0 . 0  60 .0% B G r a d i e n t  t o  450 mM B. E l u t e s  GPI
2 0 . 0 - 4 5 . 5  6 6 . 6% B I n c r e a s e  t o  500 mM B
4 5 . 5 - 6 5 . 0  100 .0% B F i n a l  g r a d i e n t  t o  750 mM B
6 5 . 0 - 7 8 . 0  100.0% B I s o c r a t i c  e l u t i o n  t o  c l e a r  column
19 ml A, and 28 ml B used .
2 . 18 Hanson.-(1.991) St yle Enzyme.Preparation
Organisms grown t o  a s u i t a b l e  o p t i c a l  d e n s i t y  w ere  h a r v e s t e d  
and washed in  w a t e r .  The p e l l e t  was resuspended  in  
a p p r o x i m a t e l y  10 ml o f  a b u f f e r  a p p r o p r i a t e  t o  t h e  r e q u i r e d  
enzyme a c t i v i t y  and t h i s  was added t o  a s t o p p e r e d  Braun  
b o t t l e  c o n t a i n i n g  30 g o f  g l a s s  beads (S igm a t y p e  V; 0 . 4 5 -  
0 . 5  mm d i a m e t e r ) .  The s u s p e n s io n  was shaken i n  a Braun  
hom ogeniser  (C .  Braun ,  M e ls u n g en ,  Germany) f o r  6 x 15 s 
p e r i o d s  a t  4000  RPM. The samples were c o o le d  c o n t i n u o u s l y  by
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exp a n d in g  carbon  d i o x i d e  p a s s in g  th r o u g h  t h e  h o m o g e n is e r .
The homogenate was t r a n s f e r r e d  t o  a c e n t r i f u g e  tu b e  and 
c e n t r i f u g e d  f o r  5 min a t  3000 x g t o  remove t h e  b u l k  s o l i d s .  
The s u p e r n a t a n t  was t r a n s f e r r e d  t o  a second tu b e  and 
c e n t r i f u g e d  a t  40000  x g f o r  30 min (RC5C R e f r i g e r a t e d  
Superspeed C e n t r i f u g e ,  S o r v a l l  I n s t r u m e n t s ,  Du P o n t ,  USA).  
The p e l l e t  was resuspended  in  a sm a l l  volume o f  a p p r o p r i a t e  
assay  b u f f e r .
2 . 1 9  Enzvme Assay P r o c e d u r e
The enzyme p r e p a r a t i o n  was suspended in  1 . 2  ml o f  assay  
b u f f e r  and v o r t e x e d  t o  h o m o g e n e i ty .  The r a d i o a c t i v e  t r a c e r  
under  e x a m i n a t i o n  was d i s s o l v e d  in  400 p i  o f  t h e  same 
b u f f e r .  A t  t i m e  z e r o  (TO m i n ) ,  a 100 pi  sam ple  o f  t r a c e r  
s o l u t i o n  was removed, t r e a t e d  w i t h  an equ a l  vo lume o f  i c e -  
c o l d  p y r i d i n e  s o l u t i o n  ( e t h y l  a l c o h o l : d i e t h y l  
e t h e r i p y r i d i n e ,  1 5 : 5 : 1 ,  v / v / v )  a f t e r  Hanson ( 1 9 9 1 )  and made 
up t o  2 ml w i t h  w a t e r .  The r e m a in in g  300 pi  o f  t r a c e r  
s o l u t i o n  was added t o  t h e  enzyme p r e p a r a t i o n  and t h e  m i x t u r e  
i n c u b a t e d  a t  25 °C i n  a s h a k in g  w a t e r  b a t h .  Samples o f  
0 . 5  ml were removed d u r i n g  t h e  c o u rs e  o f  t h e  i n c u b a t i o n  and 
r e a c t i o n s  w ere  h a l t e d  as  a t  TO min .  F o l l o w i n g  i n c u b a t i o n  on 
i c e  f o r  10 m in ,  t h e  sam ple  was c e n t r i f u g e d  i n  an E p p e n d o r f  
tu b e  and t h e  s u p e r n a t a n t  removed.  The p e l l e t  was washed  
t w i c e  w i t h  0 . 5  ml w a t e r  and t h e  p o o led  e x t r a c t  was a n a ly s e d  
by HPLC. Volumes w ere  a l t e r e d  i f  e x t r a  sam ples  w ere  
r e q u i r e d ,  t h e s e  a r e  d e s c r i b e d  in  t h e  t e x t .
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The t u r n o v e r  o f  i n o s i t o l  p h o sp h a tes  was f r e q u e n t l y  measured  
by m eas u r in g  t h e  a r e a - u n d e r - t h e - c u r v e  o f  t h e  chrom atogram s  
p ro d u ced ,  as apposed t o  p e a k - h e i g h t  r a t i o s .  The s e p a r a t e  
peaks were c u t  o u t  and w e ig hed  on a s e n s i t i v e  b a l a n c e ,  and 
d i r e c t l y  compared in  a r b i t r a r y  u n i t s .  To s t a n d a r d i z e  r e p e a t  
e x p e r i m e n t s ,  t h e  w e i g h t s  w ere  c o n v e r t e d  t o  p e r c e n t a g e  v a l u e s  
( t h e  TO min peak v a l u e  was e q u i v a l e n t  t o  100%) and e v a l u a t e d  
in  t h e  same way.
2 .2 0  Gas Chromatography (GC) A na lys is  o f  In o s i t o l
HPLC f r a c t i o n s  b e l i e v e d  t o  c o n t a i n  i n o s i t o l  w ere  c o l l e c t e d  
in  B i j o u x  b o t t l e s  and e v a p o r a t e d  t o  d ry n e s s  i n  a vacuum oven  
a t  60 ° C .  The e x t r a c t  was c o n v e r t e d  t o  i t s  ox im e by a d d i t i o n  
o f  0 . 5  ml STOX r e a g e n t  ( P i e r c e  Chemica l  C o . ,  The  
N e t h e r l a n d s )  and h e a t i n g  t o  70 °C  f o r  30 min .  F o l l o w i n g  
c o o l i n g  t h e  oxime was s i l y l a t e d  by ad d in g  0 . 5  ml 
t r i m e t h y l s i l y l i m i d a z o l e  (TMS) and shaken f o r  a p e r i o d  o f  
30 s .  T h i s  was th e n  a l l o w e d  t o  s ta n d  a t  room t e m p e r a t u r e  f o r  
30 m in .  GC a n a l y s i s  was p e r fo r m e d  u s in g  a Pye Unicam PU 4500  
c a p i l l a r y  GLC. A SE30 column (2 5  m l e n g t h ;  i n t e r n a l  d i a m e t e r  
0 . 2 2  mm; SGE) was m a i n t a i n e d  a t  200 °C f o r  2 m in ,  r a i s e d  t o  
300 °C a t  16 °C m in- 1 and m a i n t a i n e d  a t  t h a t  t e m p e r a t u r e  f o r  
3 min .  I n j e c t i o n  and d e t e c t o r  t e m p e r a t u r e s  w ere  s e t  a t  
250 °C  and 350 °C r e s p e c t i v e l y ,  w i t h  h e l iu m  as  t h e  c a r r i e r
q _  -t
gas (1 cm min ) .
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2.21 Uptake o f  P IP o using E le c tro p o ra t io n
E l e c t r o p o r a t i o n  was p e r f o r m e d  w i t h  a Gene P u l s e r  
T r a n s f e c t i o n  A p p a r a tu s  ( B i o  Rad, H e r t s . ,  UK) w h ich  produced  
h i g h - v o l t a g e ,  h ig h  c u r r e n t  e x p o n e n t i a l  p u l s e s  o f  c o n t r o l l e d  
c h a r a c t e r i s t i c s .  The gene p u l s e r  was a t t a c h e d  t o  a chamber  
w hich  e n c lo s e d  and h e l d  a sam ple  c u v e t t e  between two  
e l e c t r o d e s .
H a r v e s t e d  c u l t u r e s  were  washed once in  SH b u f f e r  ( 2 7 2  mM 
s u c r o s e ,  10 mM HEPES) pH 7 . 5  th e n  resuspended  i n  6 - 1 0  ml SH 
b u f f e r  pH 7 . 4  a f t e r  H a s h im o to  e t  a 7. ( 1 9 8 5 ) .  Samples (1 m l )  
w ere  t r a n s f e r r e d  t o  s t e r i l e  d i s p o s a b l e  g e n e - p u l s e r  c u v e t t e s  
( B i o  Rad) w i t h  an e l e c t r o d e  gap o f  0 . 4  cm. F o l l o w i n g  
a d d i t i o n  o f  r a d i o a c t i v e  t r a c e r  P I P 2 t h e  c u v e t t e s  w ere  
p u ls e d  a t  t h e  c a p a c i t a n c e  and v o l t a g e s  d e s c r i b e d  l a t e r .
Samples t h a t  r e q u i r e d  i n c u b a t i o n  were  p la c e d  i n  a s h a k in g  
w a t e r  b a th  a t  25 ° C .  E x t r a c t i o n  o f  p u t a t i v e  i n o s i t o l  
p h o sp h a tes  was p e r f o r m e d  by t r a n s f e r r i n g  t h e  c u v e t t e  
c o n t e n t s  t o  an E p p e n d o r f  t u b e  and h a r v e s t i n g  by 
c e n t r i f u g a t i o n  (1 min a t  11600 x g ) . The p e l l e t  was th e n  
washed i n  w a t e r  and s u b j e c t e d  t o  t h e  B l i g h  and Dyer  
e x t r a c t i o n  p r o c e d u r e  d e s c r i b e d  in  2 . 6 .  E x t r a c t s  w ere  
exam ined by column c h r o m a t o g r a p h y .
To m o n i t o r  t h e  e f f i c i e n c y  o f  e l e c t r o p o r a t i o n  a p u ls e d  sample  
was s e r i a l l y  d i l u t e d  i n  25 % R i n g e r s  s o l u t i o n .  Samples ( 1 0 0  
p i )  o f  10_ 4 - 1 0 " 6 d i l u t i o n s  were p l a t e d  o u t  i n  d u p l i c a t e  on
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YEPD and in c u b a t e d  a t  30 °C f o r  2 day s .  V i a b i l i t y  was 
c a l c u l a t e d  by com pa r ison  w i t h  a n o n - p u l s e d  sam ple .
2 . 2 2  T h i n  L a v e r  C h ro m a tog ra phy  ( TLC)
A l l  s e p a r a t i o n s  w ere  p e r fo r m e d  u s in g  f l e x i b l e  p o l y e s t e r -  
backed TLC p l a t e s  c o a te d  w i t h  s i l i c a  ge l  60A (2 5 0  pM, 
Whatman, UK) and p r e t r e a t e d  by im p r e g n a t io n  w i t h  p o ta s s iu m  
o x a l a t e .  P l a t e s  w ere  d e v e lo p e d  in  a m e t h a n o l : w a t e r  ( 2 : 3  v / v )  
m i x t u r e  c o n t a i n i n g  1 % p o ta s s iu m  o x a l a t e ,  t h e n  l e f t  t o  d r y  
a t  room t e m p e r a t u r e  ( J o l l e s  e t  a 7 . ,  1 9 8 1 ) .
E x t r a c t e d  and f i l t e r e d  l i p i d s  w ere  reduced  und er  n i t r o g e n  
and a p p l i e d  t o  t h e  p l a t e  by r e p e a t e d  s p o t t i n g  w i t h  a m i c r o ­
p i p e t t e .  Samples w ere  run a l o n g s i d e  2 - 6  p i  s p o ts  o f  g e n u in e  
p h o s p h o l i p i d  s t a n d a r d s  i n c l u d i n g  bona f i d e  
phosphoi  nos i  t i  d e s .
P l a t e s  were d e v e lo p e d  i n  Shandon ch ro m a to g ra p h y  t a n k s  t h a t  
were  l i n e d  w i t h  f i l t e r  p a p e r  and a l l o w e d  t o  e q u i l i b r a t e  f o r  
a t  l e a s t  3 hou rs  a t  room t e m p e r a t u r e .  The m o b i le  phase  
o r i g i n a l l y  c o n s i s t e d  o f  c h l o r o f o r m :  m e t h a n o l :  ammonium 
h y d r o x id e  ( 4 5 : 3 5 : 1 0  v / v / v )  a f t e r  B i l l a h  and L a p e t i n a  ( 1 9 8 2 )  
b u t  was a l t e r e d  t o  c h l o r o f o r m :  a c e to n e :  m e t h a n o l : g l a c i a l  
a c e t i c  a c i d : w a t e r  ( 4 0 : 1 5 : 1 3 : 1 2 : 8  v / v / v / v / v )  a f t e r  J o l l e s  e t  
a l .  ( 1 9 8 1 ) .
The p l a t e  was removed f ro m  t h e  t a n k  and a l l o w e d  t o  d r y  i n  a
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fume cupboard  when t h e  s o l v e n t  f r o n t  had ascended  
a p p r o x i m a t e l y  75-80% o f  t h e  p l a t e .  L i p i d  s e p a r a t i o n s  w ere  
v i s u a l i s e d  by p l a c i n g  t h e  p l a t e  in  a t a n k  c o n t a i n i n g  i o d i n e  
v a p o u r ,  and samples  w ere  i d e n t i f i e d  on t h e  b a s i s  o f  s i m i l a r  
Rf v a l u e s  t o  t h o s e  o f  bona f i d e  m a t e r i a l s .
Rf  = D i s t a n c e  t r a v e l l e d  by sample  /  D i s t a n c e  t r a v e l l e d  by 
s o l v e n t  f r o n t
Bands b e l i e v e d  t o  c o n t a i n  r a d i o a c t i v i t y  w ere  c u t  f ro m  t h e  
p l a t e  and p l a c e d  in  v i a l s  w i t h  O p t i p h a s e  ' S a f e 1 (5  m l )  f o r  
d e t e c t i o n  by s c i n t i l l a t i o n  c o u n t i n g .
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3 . 0  R e s u l t s
3 .1 Elution of Standards
For  t h e  a c c u r a t e  i d e n t i f i c a t i o n  o f  an unknown compound 
e l u t e d  f rom  any ion  exchange co lum n,  i t  was e s s e n t i a l  t o  
c h a r t  t h e  e l u t i o n  o f  known s t a n d a r d s .  T h i s  a l l o w e d  r e t e n t i o n  
p r o p e r t i e s  t o  be c h a r a c t e r i s e d  and e l u t i o n  reg im es  t o  be 
c o n f i  rm ed.
3 . 1 . 1  I n o s i t o l
q
F o l l o w i n g  s t o r a g e  o f  m yo-[  H ] - i n o s i t o l  f o r  s e v e r a l  weeks,  a 
sample  was a n a ly s e d  by e l u t i o n  f ro m  both  Dowex and HPLC 
a n io n  exchange columns.  However  t h e  e x p e c t e d  r e c t a n g u l a r  
h y p e r b o l a  o r  e x p o n e n t i a l - l i k e  ' d e c a y ’ , w i t h  S5% o f  t h e  
a c t i v i t y  removed by f l u s h i n g  t h r o u g h  w i t h  w a t e r  was n o t  
see n .  As opposed t o  t h e  a s y m p t o t i c  app ro ach  t o  z e r o  c o u n ts ,  
s e v e r a l  peaks w ere  p r e s e n t  p a r t i c u l a r l y  in  t h e  ' I P - j ’ and 
* I P 2 ’ windows,  n e i t h e r  o f  w h ich  sh o u ld  have been p r e s e n t  
( F i g .  3 . 1 ) .  T r i t i a t e d  i n o s i t o l  decomposes w i t h  t i m e  ( S . Q a z i ,  
P e r s .  Comm.; Amersham C a t a l o g u e ,  1990 )  p r o d u c in g  r a d i o l y t i c  
d e c o m p o s i t io n  p r o d u c t s .  The i m p u r i t i e s  a r e  known t o  c o - e l u t e  
w i t h  m y o - i n o s i t o l  p h o sp h a tes  ( u s i n g  a Dowex AG1-X8 column)  
u s in g  t h e  e l u t a n t s  t h a t  remove IP-j and I P 2 . T r i t i a t e d  
i n o s i t o l  was p urch ased  c o n t a i n i n g  P T 6 -2 7 1 ,  a n o v e l  po lym er  
t h a t  a b s o rb s  t h e  p o l a r  i m p u r i t i e s  o f  d e c a y in g  m y o - i n o s i t o l .  
T h i s  s h o u ld  remove breakdown p r o d u c t s ,  e n s u r i n g  h ig h  p u r i t y  
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F i g .  3 .1  E l u t i o n  o f  T r i t i a t e d  M y o - i n o s i t o l
One m i c r o l i t r e  ( 1 . 0  M C i) o f  m y o - [ 3 H ] - i n o s i t o l  i n  1 ml 
d i s t i l e d  w a t e r  was a p p l i e d  t o  a 1 ml Dowex a n io n  exchange 
co lumn ( f o r m a t e  f o rm )  and e l u t e d  s t e p w is e  w i t h  s o l u t i o n s  
c o n t a i n i n g  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  ammonium fo r m a t e  
/ f o r m i c  a c i d  (0 .1  M), h a v in g  been s t o r e d  a t  4 °C f o r  1 
month . F r a c t i o n s  (2 m l )  were c o l l e c t e d  and m ixed  w i t h  8  ml 
O p t ip h a s e  ' S a f e ’ f o r  d e t e c t i o n  by l i q u i d  s c i n t i l l a t i o n  
c o u n t i  n g .
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a f t e r  a p e r i o d  o f  s t o r a g e .  ^ C - l a b e l l e d  i n o s i t o l  was bought  
as a more s t a b l e  t r a c e r  and had n o t  d e v e lo p e d  c o n t a m i n a n t  
peaks a f t e r  s i x  months s t o r a g e  ( F i g .  3 . 2 ) .
3 . 1 . 2  I n o s i t o l  T r i s o h o s p h a t e
q
Due t o  t h e  n a t u r e  o f  t h e  t r i t i u m  l a b e l ,  s t o r e d  H - I P 3 a l s o  
produced  u n e x p e c te d  peaks i n  i t s  e l u t i o n  p r o f i l e .  I P 3 
d e g ra d e s  w i t h  t i m e  t o  p rodu ce  r a d i o a c t i v e  I P 2 and IP-j ( F i g .  
3 . 3 )  w h ich  e l u t e  w i t h  t h e  c o r r e c t  r e t e n t i o n  p r o p e r t i e s  o f  
t h e s e  i n o s i t o l  p h o s p h a t e s .  The c o n t a m i n a t i n g  s p e c i e s  c o u ld  
be a c c o u n te d  f o r  i f  a sam ple  column was run as an e x t e r n a l  
s t a n d a r d .
A n a l y s i s  by Amersham p i c  (UK)  has i n d i c a t e d  t h a t  t h e  peak in  
t h e  b is p h o s p h a t e  p o s i t i o n  i s  composed o f  a m i x t u r e  o f  bo th  
t h e  1 , 4  and 1 , 5  i s o m e r s ,  b u t  i t  i s  n o t  known w h e t h e r  t h e  
peak i n  t h e  monophosphate  p o s i t i o n  i s  composed o f  t h e  1,  4 
o r  5 a n a lo g u e  o r  i s  in d e e d  a m i x t u r e  o f  a l l  t h r e e  (Webb, A . ,  
1991;  p e r s . comm.) .
E x p e r im e n ts  t o  d e t e r m i n e  d e t e c t i o n  l e v e l s  have been  
p e r fo r m e d  by HPLC. As s i n g l e  s am p les ,  I P 3 i s  d e t e c t a b l e  down 
t o  8 fM and IP-j t o  0 . 6  pM. I P 2 has been d e t e c t e d  down t o  a 
c o n c e n t r a t i o n  o f  0 . 5 3  pM and i n  e x p e r im e n t s  t o  m o n i t o r  t h e  
p o s s i b i l i t y  o f  l a r g e  I P 2 peaks masking I P 3 , an I P 3 peak was 
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F i g .  3 .2  E l u t i o n  o f  Carbon L a b e l l e d  I n o s i t o l
M y o - [ U - 1 4 C] i n o s i t o l ,  0 .5  p i  ( 0 .0 1 3  p C i ) i n  20 p i  was e l u t e d  
f r o m  a 10 |jm P a r t i s i l  SAX HPLC column w i t h  a l i n e a r  
g r a d i e n t  (0-100% NH4 H2 PO4 , a d j u s t e d  t o  pH 3 .7  w i t h  H3 PO4 ) .  
Flow r a t e  was 1 ml m in - 1  a t  a m b ie n t  t e m p e r a t u r e .  A l l  c o u n t s  
were s u c c e s s f u l l y  removed f ro m  th e  co lumn d u r i n g  t h e  i n i t i a l  
w a t e r  wash and no c o n t a m in a n t  peaks were d e t e c t e d .  F r a c t i o n s  
(2 m l )  were c o l l e c t e d  and mixed w i t h  8  ml O p t ip h a s e  ' S a f e ’ 
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F i g .  3 . 3  E l u t i o n  o f  T r i t i a t e d  I P 3
o
Twenty  f i v e  m i c r o l i t r e s  ( 0 . 2 5  p C i ) o f  D -m yo- [  H ] - i n o s i t o l
1 , 4 , 5 - t r i s p h o s p h a t e  ( p o t a s s iu m  s a l t )  i n  1 ml d i s t i l l e d  w a t e r  
was e l u t e d  f r o m  a 1 ml Dowex a n io n  exchange co lumn u s in g  a 
s t e p - w i s e  e l u t i o n  sy s te m  o f  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  
ammonium f o r m a t e .  A p a r t  f ro m  th e  e x p e c te d  main peak i n  t h e  
I P 3 w indow, s e c o n d a ry  peaks were a l s o  d e t e c t e d  i n  t h e  I P 2 
and I P 1 w indows.
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o f  5 0 : 1 .  A t  a peak r a t i o  o f  75 :1  ( I P 2 : I P 3 ) ,  t h e  I P 3 peak was 
a l m o s t  i n c o r p o r a t e d  i n  t h e  b a s e l i n e  and c o u ld  n o t  be 
d i s t i n g u i s h e d  a t  a r a t i o  o f  1 0 0 : 1 .  No m ask ing  was o b s e r v e d  
f ro m  peak s h o u ld e r s  o r  c o - e l u t i o n  o f  s t a n d a r d s .
3.1.3 Inosi t o l. Bi sphosphate
T r i t i a t e d  I P 2 ( D - m y o - [ 2 -  H ] - i n o s i t o l  1 , 4 - b i s p h o s p h a t e )  was 
e l u t e d  f ro m  an HPLC column a t  t h e  e x p e c t e d  r e t e n t i o n  t i m e  
f o r  a l i n e a r  g r a d i e n t  ( F i g .  3 . 4 ) .  Some d e g r a d a t i o n  o f  t h e  
main peak was o b s e rv e d  w i t h  t i m e ,  t h e  i n c r e a s e  in  
r a d i o a c t i v i t y  o c c u r r i n g  a t  t h e  IP-j p o s i t i o n .  I t  i s  n o t  known 
which  isom er  o f  I  P-j was produced by t h e  t r i t i u m  d e c a y .  The  
l i n e a r  g r a d i e n t  used f o r  t h e  m a j o r i t y  o f  a n a l y s e s  d i d  n o t  
d i s t i n g u i s h  between i s o m e r s ,  so i t  was n o t  known i f  t h e  
c o n t a m i n a n t  peak c o n t a i n e d  I n s ( 1 ) P - | ,  I n s ( 4 ) P 1 o r  a m i x t u r e  
o f  b o t h .
3 . 1 . 4  I n o s i t o l  Monophosphate
[ U - 14C ] - l a b e l l e d  IP-j has been s u c c e s s f u l l y  e l u t e d  f ro m  b o th  
HPLC ( F i g .  3 . 5 )  and Dowex a n io n  exchange c h r o m a to g r a p h y  
columns in  t h e  c o r r e c t  p o s i t i o n  w i t h  no c o n t a m i n a n t s .
H i g h e r  i n o s i t o l  p h o s p h a te s  w ere  n o t  p u rc h a s e d ;  t h e  
i d e n t i f i c a t i o n  o f  I P 4 is o m e r s ,  o r  f u r t h e r  p h o s p h o r y l a t e d  
i n t e r m e d i a t e s  was based on t h e  a p p e a ra n c e  o f  n o v e l  peaks  i n  
e x p e c t e d  r e t e n t i o n  p o s i t i o n s  a c c o r d in g  t o  e s t a b l i s h e d  
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F i g .  3 . 4  E l u t i o n  o f  T r i t i a t e d  I n o s i t o l  B is p h o s p h a te
D - m y o - [ 2 - ° H ] - I n o s i t o !  1 , 4 - B is p h o s p h a t e  (1 p i , p o t a s s i u m  s a l t ,  
0 .01 p C i ) was e l u t e d  f r o m  a 10 pm P a r t i s i l  SAX HPLC co lumn 
u s in g  a l i n e a r  g r a d i e n t  o f  NH4 H2 PO4  a d j u s t e d  t o  pH 3 .7  w i t h  
H3 PO4 . F r a c t i o n s  (2  m l )  were c o l l e c t e d  a t  a f l o w  r a t e  o f  
1 ml m in - 1  and mixed w i t h  O p t ip h a s e  ' S a f e ’ ( 8  m l )  f o r  
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F i g .  3 . 5  E l u t i o n  o f  Carbon L a b e l l e d  I n o s i t o l  Monophosphate
L - m y o - [ U - 14C] i n o s i t o l - 1 - p h o s p h a te  (ammonium s a l t ,  0 . 5  p i » 
0 .0 1 3  p C i ) was e l u t e d  f r o m  an P a r t i s i l  10 pm SAX HPLC co lumn 
u s in g  t h e  e l u t i o n  re g im e  o f  B a t t y  e t  a l . 7 (1 9 8 5 ,  1 9 8 9 ) .  
F r a c t i o n s  (2 m l )  were  c o l l e c t e d  and mixed w i t h  O p t i p h a s e  
' S a f e ’ (8  m l )  f o r  l i q u i d  s c i n t i l l a t i o n  c o u n t i n g .  No i m p u r i t y  
peaks were d e t e c t e d  t h r o u g h o u t  t h e  e l u t i o n .
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3 .2  D is t r ib u t io n  o f  A c t i v i t y
A p r i n c i p a l  f a c t o r  i n  t h e  d ev e lo p m e n t  o f  an i n o s i t o l  
ph o sp h a te  assay  i s  knowledge o f  t h e  e f f i c i e n c y  by w h ich  
added r a d i o a c t i v e  t r a c e r  i s  e x t r a c t e d  o r  p a r t i t i o n e d  a t  each  
s t a g e  o f  t r e a t m e n t .  Saccharom yces c e r e v i s i a e  has an a c t i v e  
u p t a k e  sys tem  f o r  i n o s i t o l  ( H e n r y ,  1982;  N ikaw a e t  a l . ,
198 2 )  b u t  e a r l y  e x p e r i m e n t s  showed t h a t  o n l y  a v e r y  low
q
p e r c e n t a g e  o f  added H - i n o s i t o l  r a d i o a c t i v i t y  was 
r e c o v e r a b l e  f ro m  a h a r v e s t e d  c e l l  p e l l e t .  A c t i v i t y  
d i s t r i b u t i o n  t e s t s  i n  YEPD showed t h a t  up t o  60% o f  t h e  
o r i g i n a l  r a d i o a c t i v i t y  c o u ld  be l o s t  o v e r n i g h t  f ro m  a non­
i n o c u l a t e d  f l a s k  ( d a t a  n o t  shown) .  T h i s  was n o t  seen in  
p a r a l l e l  f l a s k s  o f  w a t e r  o r  m in im a l  medium (MM).  F u r t h e r  
i n v e s t i g a t i o n  i n d i c a t e d  t h a t  t h e  medium components o f  y e a s t  
e x t r a c t  (YE )  and p e p to n e  ( P )  t o g e t h e r  w ere  r e s p o n s i b l e  f o r  
a c t i v i t y  l o s s  i n t e r a c t i o n s .  T h e o r i e s  o f  heavy compounds o r  
a d h e re n c e  t o  t h e  g l a s s  v e s s e l  w ere  r e f u t e d .  P e rh aps  YE 
c o n t a i n e d  i n o s i t o l  d e g r a d in g  enzymes w h ich  a l l o w e d  t r i t i u m  
t o  escape  i n t o  t h e  a tm osphere  as w a t e r  v a p o u r .
q
A l th o u g h  H - i n o s i t o l  i n  u n i n o c u l a t e d  MM d i s p l a y e d  no l o s s  o f  
r a d i o a c t i v i t y  w i t h  t i m e ,  i t  was found t o  l o s e  r a d i o a c t i v i t y  
a t  a s i m i l a r  r a t e  t o  YEPD i f  i n o c u l a t e d  w i t h  y e a s t  c e l l s .
The d i s t r i b u t i o n  o f  a c t i v i t y  e x p e r i m e n t  d e s c r i b e d  below  
f a i l e d  t o  p rodu ce  a b a la n c e d  " a c c o u n t  s h e e t "  o f  
r a d i o a c t i v i t y  t h r o u g h o u t  t h e  e x t r a c t i o n  p r o c e s s .
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F l a s k s  (3  x 200 m l )  c o n t a i n i n g  30 ml MM, were i n o c u l a t e d  
w i t h  s t r a i n  A364A. An e q u a l  q u a n t i t y  (1 p i ,  1 . 0  q C i ) o f  myo-  
[ H ] - i n o s i t o l  t r a c e r  was added t o  each f l a s k  and z e r o  t i m e  
sam ples  were t a k e n  t o  c a l c u l a t e  t o t a l  a c t i v i t y .  The f l a s k s  
w ere  th e n  i n c u b a t e d  u n t i l  t h e  c e l l s  had a c h ie v e d  a s u i t a b l e  
grow th  phase .
The c e l l s  w ere  h a r v e s t e d  by c e n t r i f u g a t i o n  and t h e  p e l l e t s  
washed in  d i s t i l l e d  w a t e r .  Samples o f  t h e  g ro w th  medium 
s u p e r n a t a n t s  w ere  c o u n te d  and t h e  p e l l e t  f ro m  F l a s k  1 was 
resuspended  in  w a t e r  ( 2  m l )  f o r  c o u n t i n g .
The p e l l e t s  f ro m  F l a s k s  2 and 3 were  t r e a t e d  w i t h  2 ml o f  
10% ( v / v )  p e r c h l o r i c  a c i d  (P C A ) ,  in c u b a te d  on i c e  f o r  30  
m in u te s  th e n  c e n t r i f u g e d  t o  o b t a i n  2 f r a c t i o n s ,  s o l u b l e  and  
i n s o l u b l e .  The s o l u b l e  s u p e r n a t a n t s  were c o l l e c t e d  and t h e  
r a d i o a c t i v i t y  w i t h i n  i t  was c o u n te d .  The p e l l e t  f ro m  f l a s k  2 
was resuspended  in  2 ml o f  w a t e r  and counted  f o r  
r a d i o a c t i v i t y  c o n t e n t .
The c o n t e n t s  o f  f l a s k  3 w ere  t r e a t e d  i d e n t i c a l l y  t o  f l a s k  2 
e x c e p t  t h a t  t h e  p e l l e t  was resuspended  in  3 ml o f  e x t r a c t i o n  
f l u i d  ( m e t h a n o l : c h l o r o f o r m  2:1  ( v / v ) ) ,  and p l a c e d  i n  a 
s h a k in g  i n c u b a t o r  f o r  10 t o  25 m in u te s  a t  25 ° C .  The sam ple  
was th e n  c e n t r i f u g e d ,  and t h e  s o l u b l e  f r a c t i o n  c o l l e c t e d  and  
cou nte d  f o r  r a d i o a c t i v i t y  c o n t e n t .  The p e l l e t  was r e ­
e x t r a c t e d ,  and t h e  e x t r a c t  c o l l e c t e d  and c o u n te d  by l i q u i d  
s c i n t i l l a t i o n  s p e c t r o m e t r y . Any r e m a in in g  p e l l e t  m a t e r i a l
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was resuspended  i n  2 ml o f  w a t e r  f o r  c o u n t i n g .  R e s u l t s  a r e  
summarised in  T a b l e  3 . 1 .
One hundred p e r c e n t  r e c o v e r y  o f  r a d i o a c t i v i t y  was f i n a l l y  
a c h ie v e d  however by p l a c i n g  t h e  f l a s k s  c o n t a i n i n g  
r a d i o a c t i v i t y  on i c e  f o r  30 m in u te s  p o s t - i n c u b a t i o n  t o  
recon dense  any t r i t i a t e d  w a t e r  v a p o u r .  A ls o  PCA t r e a t m e n t  
was r e p l a c e d  by TCA, as i t  was t h o u g h t  t h a t  PCA m ig h t  
e x a c e r b a t e  lo s s  o f  r a d i o a c t i v i t y .  I t  f a i l e d  t o  y i e l d  
a d e q u a te  p e l l e t s  a f t e r  c e n t r i f u g a t i o n  and i t  was d i f f i c u l t  
t o  r e c o v e r  a l l  t h e  c e l l s .
3 . 3  I n v e s t i g a t i o n  o f  E x t r a c t i o n  T e c h n iq u e s
E x p e r im e n ts  p e r fo r m e d  t h r o u g h o u t  t h e  c o u rs e  o f  t h e  p r o j e c t  
had shown t h a t  in  many c a s e s ,  a l t h o u g h  r a d i o a c t i v i t y  c o u ld  
be r e c o v e r e d  f ro m  i n a c t i v a t e d  c e l l s ,  a g r e a t  d e a l  o f  
a c t i v i t y  rem ained  w i t h i n  t h e  p e l l e t  m a t e r i a l .  As soon as t h e  
p e l l e t  was s u b j e c t e d  t o  an e x t r a c t i o n  p ro ce ss  however  i t  
became i m p o s s i b l e  t o  r e t r i e v e  t h e  same amount o f  
r a d i o a c t i v i t y  as measured i n  t h e  i n t a c t  p e l l e t .  A number o f  
e x t r a c t i o n  p r o c e d u r e s  w ere  t h e r e f o r e  i n v e s t i g a t e d  t o  
m axim ise  r a d i o a c t i v i t y  r e c o v e r y  f rom  t h e  p e l l e t .
C u l t u r e s  o f  y e a s t  w ere  grown t o  l a t e  e x p o n e n t i a l  s t a g e  in  
YEPD w i t h  m yo- [  H ] - i n o s i t o l  t r a c e r .  F o l l o w i n g  r e c o n d e n s a t i o n  
o f  any t r i t i a t e d  w a t e r  v a p o u r ,  t h e  c u l t u r e s  w ere  h a r v e s t e d  
by c e n t r i f u g a t i o n  and t h e  c e l l  f r e e  e x t r a c t  (CFE)  sampled  
f o r  r a d i o a c t i v i t y  c o n t e n t .  The p e l l e t  was t r e a t e d  w i t h  one
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T a b l e D i s t r i b u t i o n  o f  R a d io a c t iv i ty  Counts During  
E x tra c t io n  in  Minimal Medium
Time 0 T o t a l  R a d i o a c t i v i t y  ( c p m ) .  F l a s k  1 = 384 294
F l a s k  2 = 389217
F l a s k  3 = 368202
F l a s k s  w ere  i n o c u l a t e d  and in c u b a t e d  a t  30°C  f o r  24 h o u r s .
P o s t - h a r v e s t  s u p e r n a t a n t  o f  F l a s k  i c o n t a i n e d  1 0 2 0 5 9 .1  cpm
F l a s k  2 " 1 0 1 1 5 0 . 3  cpm
F l a s k  3 " 1 0 0 0 3 6 . 5  cpm
F l a s k  1 p e l l e t  ( i n  2ml o f  w a t e r )  c o n t a i n e d  7 9 5 5 1 . 0  cpm
T h e r e f o r e ,  t o t a l  r e c o v e r y  f ro m  F l a s k  1 = 1 8 1 6 1 0 .1  cpm
T h i s  c o r r e s p o n d e d  t o  47 .26%  o f  t h e  o r i g i n a l  r a d i o a c t i v i t y
The p e l l e t s  f ro m  F l a s k  2 and 3 w ere  i n c u b a t e d  on i c e  i n  2 ml 
o f  70% ( v / v )  PCA, t h e n  c e n t r i f u g e d  t o  s e p a r a t e  s o l u b l e  and 
i n s o l u b l e  pha ses .
F l a s k  2 s o l u b l e  phase c o n t a i n e d  2 8 0 . 6  cpm
F l a s k  3 s o l u b l e  phase c o n t a i n e d  3 0 5 . 8  cpm
F l a s k  2 i n s o l u b l e  phase + w ash ings  c o n t a i n e d  2 7 8 4 9 . 0  cpm
T h e r e f o r e  t o t a l  r e c o v e r y  f ro m  F l a s k  2 = 2 8 1 2 9 . 6  cpm
T h i s  e q u a te d  t o  35 .4%  o f  t h e  F l a s k  1 p e l l e t  c o u n t .
T h i s  c o r r e s p o n d e d  t o  7 .23% o f  t h e  o r i g i n a l  r a d i o a c t i v i t y
The p e l l e t  o f  F l a s k  3 was i n c u b a t e d  f o r  25 min a t  30 °C  in  
3ml MeOH:CHCI_3 ( 2 : 1 ,  v / v ) ,  t h e n  c e n t r i f u g e d  t o  s e p a r a t e  
s o l u b l e  and i n s o l u b l e  ph a ses .
S o l u b l e  phase c o n t a i n e d  6 0 7 . 4  cpm
I n s o l u b l e  phase c o n t a i n e d  1 8 3 4 . 8  cpm
F l a s k  3 T o t a l  R e c o v e ry  = 2 4 4 2 . 2  cpm
T h i s  c o r r e s p o n d e d  t o  0 .66%  o f  t h e  o r i g i n a l  r a d i o a c t i v i t y
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o f  a number o f  e x t r a c t i o n  t e c h n i q u e s .  A TCA e x t r a c t i o n  was 
p e r f o r m e d  w i t h  and w i t h o u t  g l a s s  beads ( 1 )  a f t e r  B e r r i d g e  e t  
a l . ,  ( 1 9 8 3 )  and a com par ison  was made between a normal  B l i g h  
and Dyer  ( 1 9 5 9 )  e x t r a c t i o n  and a s i m i l a r  method i n v o l v i n g  
g l a s s  beads ( 2 )  ( H o l l a n d  e t  a l . ,  1988;  Auger  e t  a l . ,  1 9 8 9 a )
(Method 1 ) .  TCA E x t r a c t i o n  w i t h  and w i t h o u t  g l a s s  
b eads .  The p e l l e t  was suspended in  2 ml o f  8% TCA ( w / v ) ,  
v o r t e x e d  and in c u b a t e d  on i c e  f o r  1 h o u r .  G la s s  beads ( 0 . 3  g 
m l - 1 ) c o u ld  be i n c l u d e d  w i t h  i n t e r m i t t e n t  v o r t e x  m i x i n g .  The  
m i x t u r e  was th e n  c e n t r i f u g e d  and t h e  s u p e r n a t a n t  c o l l e c t e d  
f o r  f u r t h e r  a n a l y s i s .
(Method 2 ) .  M e t h a n o l : C h io r o f o r m  E x t r a c t i o n  w i t h  and  
w i t h o u t  g l a s s  beads.  The p e l l e t  was t r e a t e d  w i t h  3 vo lumes  
o f  MeOH:CHCl3 ( 2 : 1  v / v ) .  G la s s  beads ( 0 . 3  g m l- 1 ) c o u ld  be 
added a t  t h i s  p o i n t  and t h e  m i x t u r e  v o r t e x e d  i n t e r m i t t e n t l y  
f o r  one hour  a t  room t e m p e r a t u r e .  The e x t r a c t i o n  was 
c o m p le te d  by t h e  a d d i t i o n  o f  1 vo lume CHClg, t h e n  1 volume  
o f  w a t e r  w i t h  accompanying v o r t e x  m i x i n g .  B r i e f  
c e n t r i f u g a t i o n  p roduced  two l a y e r s  f ro m  w hich  t h e  upp er  
aqueous m e t h a n o l i c  phase c o n t a i n i n g  t h e  r a d i o a c t i v i t y  c o u ld  
be rem ove d .
The r e s u l t s  ( T a b l e  3 . 2 )  showed none o f  t h e  methods t o  be 
p a r t i c u l a r l y  s a t i s f a c t o r y  even though t h e  a c t u a l  u p t a k e  o f  
r a d i o a c t i v i t y  was q u i t e  low.  The t o t a l  r e c o v e r y  o f  
r a d i o a c t i v i t y  u s in g  t h e s e  t e c h n i q u e s  reac h ed  o n l y  80%, t h e  
m a j o r i t y  o f  which  was d e t e c t e d  in  t h e  CFE, and up t o  18 .9%
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o f  t h e  r a d i o a c t i v i t y  added c o u ld  rem ain  w i t h i n  t h e  p e l l e t  
m a t e r i a l .  These methods w ere  n o t  c o n s id e r e d  e x h a u s t i v e  
enough f o r  f u r t h e r  u se .
C e l l  p e r m e a b i 1 i z a t i o n  t e c h n i q u e s ,  t o  p u n c t u r e  o r  f r a c t u r e  
t h e  y e a s t  c e l l  w a l l  w ere  t h e r e f o r e  c o n s id e r e d  in  an a t t e m p t  
t o  augment t h e  r e c o v e r y  o f  s o l u b l e  ph o s p h a te s  (Methods  3 - 5 ) .
(Method 3 ) .  P o ta s s iu m  pho spha te  b u f f e r / i s o p r o p a n o l  
( S r i e n c  e t  a l . ,  1 9 8 3 ) .  The p e l l e t  was resuspended  i n  5 ml 
p o ta s s iu m  p h o sp h a te  b u f f e r  ( 0 . 0 2  M, pH 7 . 0 ) .  I s o p r o p a n o l  
( 2 . 5  ml a t  0 ° C )  was t h e n  added and t h e  s o l u t i o n  in c u b a t e d  
on i c e  f o r  10 m in u t e s .  The c e l l s  were washed in  i c e  c o l d  
w a t e r  b e f o r e  an e x t r a c t i o n  was p e r f o r m e d .
(Method 4 ) .  2 - m e r c a p t o - e t h a n o l  (2 M E ) .  The p e l l e t  was 
resuspended  in  2 ml o f  0 .1M  2ME and in c u b a t e d  f o r  1 hour  a t  
30 °C .  C e l l s  w ere  washed in  d i s t i l l e d  w a t e r  p r i o r  t o  
e x t r a c t i  o n .
(Method 5 ) .  H o t  e t h a n o l  (Rose ,  A . H . ,  1990;  p e r s .  
com m .) .  E th a n o l  ( 2  ml o f  70% v / v )  a t  80 °C was added t o  t h e  
p e l l e t .  Samples w ere  i n c u b a t e d  a t  80 °C f o r  15 m in u t e s ,  
c o o le d  and th e n  c e n t r i f u g e d .  The s u p e r n a t a n t  was removed 
p r i o r  t o  e x t r a c t i o n .
Of t h e  methods used ,  t h e  p h o s p h a t e / i s o p r o p a n o l  t r e a t m e n t  and 
2 - m e r c a p t o - e t h a n o l  (2ME) were found u n s a t i s f a c t o r y .  These  
methods were  l e s s  e f f i c i e n t  a t  r e c o v e r i n g  r a d i o a c t i v i t y  t h a n
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t h o s e  p r e v i o u s l y  t r i e d  and c l e a n i n g  t h e  sample  p o s t  
t r e a t m e n t  was c o n s id e r e d  p r o b l e m a t i c .  I t  was t h o u g h t  t h a t  
s o l u b l e  compounds m ig h t  have been l o s t  in  t h e  washes p r i o r  
t o  t h e  B l i g h  and Dyer  ( 1 9 5 9 )  t r e a t m e n t .  The h o t  e t h a n o l  
e x t r a c t i o n  was more e x h a u s t i v e  bo th  in  te rm s  o f  e x t r a c t i o n  
f ro m  t h e  p e l l e t  and t o t a l  r e c o v e r y .  Up t o  90% o f  t h e  added  
r a d i o a c t i v i t y  c o u ld  be r e c o v e r e d ,  and t h e  e t h a n o l  e x t r a c t  
i t s e l f  c o n t a i n e d  up t o  24% o f  t h i s  t o t a l  -  a t  l e a s t  t h r e e  
t i m e s  more th a n  any o t h e r  method.  I t  was n o t e w o r t h y  t h a t  
a l m o s t  n e g l i g i b l e  c o u n ts  w ere  r e c o v e r e d  v i a  a B l i g h  and Dyer  
( 1 9 5 9 )  e x t r a c t i o n  i m p l y i n g  an e f f e c t i v e  s i n g l e - s t e p  r e c o v e r y  
m ethod.  R e s u l t s  a r e  summarized in  T a b le  3 . 2 .  T h i s  t e c h n i q u e  
was n o t  a do p te d  i m m e d i a t e l y  as a change o f  ap p ro ach  was 
i n t r o d u c e d ,  b u t  t h e  e x p e r im e n t s  were i m p o r t a n t  i n  d e v e l o p i n g  
an e x h a u s t i v e  e x t r a c t i o n  f ro m  i n t a c t  c e l l s .
3 .4  E lu tio n  o f In o s ito l  Phosphates from Dowex Anion Exchange 
Res in
U s in g  a pho sp h a te  e l u t i o n  re g im e  ( N a h o r s k i ,  R . H . ,  1989;  
p e r s .  comm.; E l l i s  e t  a l . ,  1 9 6 3 ) .  Sacch.  c e r e v i s i a e  c e l l s  
w ere  examined f o r  i n c o r p o r a t i o n ,  e x t r a c t i o n  and a s s ay  o f  a 
r a d i o a c t i v e  s u b s t r a t e .
P r i m a r i l y ,  i t  was c o n s i d e r e d  i m p o r t a n t  t o  d e m o n s t r a t e  t h a t  
when d e a l i n g  w i t h  dead o r  i n a c t i v e  c e l l s ,  i t  was p o s s i b l e  t o  
r e c o v e r  a t  l e a s t  90% o f  any added r a d i o a c t i v i t y .  I f  
r a d i o a c t i v i t y  c o u ld  n o t  be e f f e c t i v e l y  r e c o v e r e d  f ro m  c e l l s  
w hich  c o u ld  n o t  m e t a b o l i z e  o r  t a k e  up t h e  t r a c e r ,  t h e n  i t
T a b l e  3 . 2
Ete-g-Qy.ery. o f  T r i t i a t e d  I n o s i t o l  T r a c e r  U s i n g  D i f f e r e n t  
E x t r a c t i o n  T e c h n i q u e s
1.  M e t h a n o l : c h l o r o f o r m  w i t h  and w i t h o u t  g l a s s  b e ads
' W i t h o u t ’ ' W i t h ’
Mean t o t a l  r e c o v e r y  6 9 . 1 6  + / -  5 . 0 7 %  7 9 . 7 0  + / -  1 . 9 2%
C o u n t s  i n  CFE 6 4 . 5 5  + / -  3 . 7 6 %  7 2 . 6 9  + / -  1 . 3 4%
P o s t  B&D a q u e o u s  p h a s e 0 . 6 9  + / - 0 . 01% 1 . 8 6 + / -  1 .1 0%
Bead wash c o u n t NA 2 . 5 3 + / -  0 . 5 2 %
S o l i d  r e m a i n s 3 . 9 6  + / - 1 . 28% 3 . 5 4 + / -  1 .6 3%
2 .  TCA t r e a t m e n t  w i t h  and w i t h o u t g l  as s b e a ds
' W i t h o u t ’ ' W i t h ’
Mean t o t a l  r e c o v e r y 7 7 . 3 3  + / - 2 . 6 4 % 7 6 . 0 7 + / -  0 . 1 1 %
C o u n t s  i n  CFE 5 6 . 4 4  + / - 2 . 1 6 % 5 8 . 2 3 + / -  2 . 9 8 %
P o s t  TCA s u p e r n a t a n t 2.11 + / - 0 . 3 7 % 4 . 4 7 + / -  0 . 5 1 %
Bead wash c o u n t NA 1 . 1 4 + / -  0 . 1 0 %
S o l  i d  r e m a i n s 1 8 . 7 9  + / - 0 . 11% 1 2 . 2 3 + / -  3 . 2 8 %
3 . I s o p r o p a n o l / p h o s p h a t e b u f f e r
Mean t o t a l  r e c o v e r y 6 3 . 1 6  + / - 1 .89%
C o u n t s  i n  CFE 5 8 . 1 9  + / - 1 .44%
P o s t  b u f f e r  s u p e r n a t a n t 2 . 0 8  + / - 0 . 1 4 %
P o s t  B&D a q u e o u s  p h a s e 0 . 7 0  + / - 0 . 3 0 %
S o l i d  r e m a i n s 0.88 + / - 0 . 1 3 %
4 .  2 - m e r c a p t o - e t h a n o l  ( 2 M E) 
Mean t o t a l  r e c o v e r y  
C o u n t s  i n  CFE 
P o s t  BME s u p e r n a t a n t  
P o s t  wash s u p e r n a t a n t  
S o l i d  r e m a i n s
5 .  H o t  e t h a n o l  
Mean t o t a l  r e c o v e r y  
C o u n t s  i n  CFE
P o s t  EtOH i n c u b a t i o n  
P o s t  B&D a q u e o u s  p h a s e  
S o l i d  r e m a i n s
6 . H o t  e t h a n o l  r e p e a t  
Mean t o t a l  r e c o v e r y  
C o u n t s  i n  CFE
P o s t  EtOH i n c u b a t i o n  
P o s t  B&D a q u e o u s  p h a s e  
S o l i d  r e m a i n s
74 ., 77 + / - 3, ,22%
55 , , 44 + / - 2.,41%
7 , 72 + / - 0 ,. 50%
6.,86 + / " 4 , 54%
1 , 6 0 + / - 1 ,,32%
8 9 , , 4 8 + / - 5 . ,89%
55, . 44 + / - 5, , 19
16, . 78 + / - 6 ,.39%
1 ,.86 + / - 0 ,.96%
0 ,. 75 + / - 0 , 41%
00
W
89  ., 53 + / - 1 ,,42%
6 5 . , 18 + / - 0 , 61%
2 3 . .62 + / - 1 , 68%
0 ., 33 + / - 0 ,.07%
0 ., 33 + / - 0 ,, 1 3%
CFE = C e l l  F r e e  E x t r a c t
B&D = B l i g h  and D y e r  e x t r a c t i o n
E t o h  = E t h a n o l
NA = N o t  A p p l i c a b l e
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was n o t  p l a u s i b l e  t o  e x p e c t  t o  r e c o v e r  i t  f ro m  g r o w in g ,  
v i a b l e  c e l l s .
A s e r i e s  o f  e x p e r im e n t s  w ere  done,  d e m o n s t r a t i n g  t h a t  a 
s a t i s f a c t o r y  p e r c e n t a g e  o f  r a d i o a c t i v i t y  c o u ld  be r e c o v e r e d  
( T a b l e  3 . 3 ) .  Washed c e l l s  w ere  s e q u e n t i a l l y  suspended in  
r e a c t i o n - s t o p p i n g  s o l u t i o n s  th e n  e x t r a c t i o n s  w ere  p e r f o r m e d  
t o  c o l l e c t  any r a d i o a c t i v i t y  w h ich  m ig h t  have p e n e t r a t e d  t h e  
c e l l .  A l l  f r a c t i o n s  were c o l l e c t e d  and co u n te d  f o r  
r a d i o a c t i v i t y  c o n t e n t .
The r e c o v e r y  o f  t r i t i a t e d  i n o s i t o l  was ju d g e d  t o  be 
s a t i s f a c t o r y  because 1 0 1 . 1% r e c o v e r y  o f  t h e  r a d i o a c t i v i t y  
was r e c o r d e d  i f  t h e  e x t r a c t i o n  p ro c e d u r e  o n l y  i n v o l v e d  2 
w a t e r  washes ( T a b l e  3 . 4 ) .
YEPD c o n t a i n i n g  t r i t i a t e d  i n o s i t o l  was i n o c u l a t e d  and 
i n c u b a t e d  o v e r n i g h t .  A number o f  methods w ere  employed t o  
p e r i o d i c a l l y  h a l t  c e l l  g ro w th  and m e t a b o l is m .  I t  was 
i m p o r t a n t  t o  e n s u r e  t h a t  a l l  enzyme a c t i v i t y  had been 
s t o p p e d ,  p r e v e n t i n g  p o s s i b l e  d e g r a d a t i o n  o f  h i g h e r  
p h o sp h a tes  back t o  i n o s i t o l .  F o l l o w i n g  h a r v e s t i n g  o f  t h e  
c e l l s  by c e n t r i f u g a t i o n ,  t h e  p e l l e t  was resuspended  i n  8% 
( w / v )  T r i c h l o r o a c e t i c  a c i d  (TCA) and l e f t  on i c e  f o r  10 m in .  
The B l i g h  and Dyer  ( 1 9 5 9 )  e x t r a c t i o n  t e c h n i q u e  was used t o  
p a r t i t i o n  any l a b e l l e d  i n o s i t o l  p h o s p h a te s .  E l u t i o n  o f  b o th  
aqueous and o r g a n i c  l a y e r s  f ro m  a Dowex a n io n  exchange  
column showed t h a t  t h e  i n c o r p o r a t e d  r a d i o a c t i v i t y  was 
p r e s e n t  o n l y  in  t h e  upp er  m e t h a n o l i c  phase .  W a te r  s o l u b l e
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T r a c e r  Used P I P 2 CO
CLl—l I n s
E x t r a c t i o n  S tep P e r c e n t a g e  Recovery
40% TCA 5 0 . 5 6 0 . 3 9 6 .6 1
10% TCA 1 2 . 8 1 2 . 8 6 2 . 8 3
1 s t  E x t r a c t 1 2 . 2 0 0 . 4 0 .3 1
2nd E x t r a c t 0 . 6 9 0 . 0 4 --------
S o l i d  Remains 2 3 . 5 1 .5 5 0 . 0 3
T o t a l  R e cove ry 9 9 . 6 9 75 .  1 1 9 9 . 7
T a b l e  3 . 3 .  R e c o v e ry  o f  T r a c e r  f ro m  I n a c t i v a t e d  Y e a s t  C e l l s  
A c u l t u r e  (1 0 0  m l )  o f  m i d - e x p o n e n t i a l  phase y e a s t  c e l l s  
( s t r a i n  MC3) was h a r v e s t e d  by c e n t r i f u g a t i o n  and washed i n  
w a t e r  ( 1 0 - 2 0  m l ) .  The p e l l e t  was resuspended in  40% ( w / v )
TCA t o  a f i n a l  c o n c e n t r a t i o n  o f  11% ( w i t h  r e s p e c t  t o  TCA) 
and v o r t e x  m ix e d ,  t h e  r e l e v a n t  t r a c e r  was t h e n  i n t r o d u c e d  
and t h e  s o l u t i o n  was in c u b a t e d  on i c e  f o r  30 m in .  The  
s u p e r n a t a n t  was o b t a i n e d  by c e n t r i f u g a t i o n  and co u n te d  f o r  
r a d i o a c t i v i t y  c o n t e n t .  The p e l l e t  was resuspended  i n  2 ml x 
10% ( w / v )  TCA and t h e  p r o c e d u r e  r e p e a t e d .  The p e l l e t  was 
th e n  s u b j e c t e d  t o  2 e t h a n o l : e t h e r  ( 3 : 1 ,  v / v )  e x t r a c t i o n s .  
A f t e r  r e s u s p e n s io n  t h e  s o l u t i o n  was i n c u b a t e d  a t  60 °C f o r  
10 min th e n  c o o le d .  S u p e r n a t a n t s  were o b t a i n e d  by 
c e n t r i f u g a t i o n  and were a l l  cou n ted  f o r  r a d i o a c t i v i t y  
c o n t e n t  and t h e  p e l l e t  ( i n  2 ml o f  w a t e r )  was a l s o  c o u n te d .  
The r e s u l t s  shown a r e  t h e  means o f  d u p l i c a t e  i n v e s t i g a t i o n s .
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E x t r a c t i o n  S te p P e r c e n t a g e  R e c o v e ry
1s t  W a te r  s u p e r n a t a n t 7 9 . 8
2nd W a te r  s u p e r n a t a n t 1 9 .6
S o l i d  rem a ins 1 . 6
T o t a l  r e c o v e r y 101 .1
T a b l e  3 . 4 .  R e c o v e ry  o f  I n o s i t o l  f ro m  I n a c t i v a t e d  Y e a s t  C e l l s  
U s in g  W a te r  Washes
A c u l t u r e  ( 1 0 0  m l )  o f  m i d - e x p o n e n t i a l  phase y e a s t  c e l l s  
( s t r a i n  MC3) was h a r v e s t e d  by c e n t r i f u g a t i o n  and washed in  
w a t e r  ( 1 0 - 2 0  m l ) .  The p e l l e t  was resuspended i n  40% ( w / v )  
TCA t o  a f i n a l  c o n c e n t r a t i o n  o f  11% ( w i t h  r e s p e c t  t o  TCA) 
and i n c u b a t e d  on i c e  f o r  30 m in .  F o l l o w i n g  c e n t r i f u g a t i o n ,  
t h e  s u p e r n a t a n t  was removed and t h e  p e l l e t  was resuspended
q
i n  10 ml o f  d i s t i l l e d  w a t e r .  T r a c e r  m y o - [ ° H ] - i n o s i t o l  
(1 p C i ) was added and t h e  m i x t u r e  was v o r t e x  m ix e d .  
F o l l o w i n g  i n c u b a t i o n  on i c e  (3 0  m i n ) ,  t h e  s o l u t i o n  was 
c e n t r i f u g e d  and t h e  s u p e r n a t a n t  removed f o r  d e t e c t i o n  o f  
r a d i o a c t i v i t y  c o n t e n t .  The p e l l e t  was resus pende d  i n  
d i s t i l l e d  w a t e r  ( 1 0  m l )  and t h e  p ro ce ss  r e p e a t e d .  R e s u l t s  
shown a r e  t h e  mean o f  2 in d e p e n d e n t  t e s t s .
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compounds w ere  d e t e c t e d  i n  t h e  m e t h a n o l i c  phase o n l y .  The  
o r g a n i c  l a y e r  showed o n l y  background co u n ts  when a n a ly s e d  by 
ion  exchange  c h ro m a to g ra p h y  ( F i g .  3 . 6 ) .
E x p e r im e n ts  e x a m in in g  t h e  e f f i c i e n c y  o f  a s i n g l e  ( B l i g h  and 
Dyer  o n l y )  o r  d o u b le  (TCA and B l i g h  and D y e r )  e x t r a c t i o n s ,  
o r  t h e  a p p l i c a t i o n  o f  c e l l  d e b r i s  t o  a column pro ve d  
i n c o n c l u s i v e  and u n i n f o r m a t i v e .  A l th o u g h  t h e  d o u b le  
e x t r a c t i o n  ap p e a re d  t o  be a more e x h a u s t i v e  method by 
e x t r a c t i n g  a g r e a t e r  amount o f  r a d i o a c t i v i t y ,  t h e  peak s i z e s  
w ere  n o t  c o n s i s t e n t l y  l a r g e r  t h a n  t h o s e  f ro m  t h e  s i n g l e  
e x t r a c t i o n .  A l s o ,  e x p e r i m e n t s  p e r fo r m e d  w i t h  i n c r e a s e d  
l a b e l l i n g  c o n c e n t r a t i o n s  s u g g e s te d  t h a t  s i m i l a r  
r a d i o a c t i v i t y  r e c o v e r y  c o u ld  be o b t a i n e d  u s in g  e i t h e r  
m e th o d .
S i m i l a r l y ,  t h e  a p p l i c a t i o n  o f  c e l l  d e b r i s  t o  a Dowex a n io n  
exchange column a p p e a r e d  t o  im prove  r a d i o a c t i v i t y  y i e l d  b u t  
a g a in  t h e  r e s u l t s  w ere  n o t  c o n s i s t e n t .  The e l u t i o n  was much 
s l o w e r  th a n  normal  and t h e  p r a c t i c e  was d i s c o n t i n u e d  because  
i t  would  have been i m p o s s i b l e  t o  i n c o r p o r a t e  t h e  t e c h n i q u e  
i n t o  HPLC a n a l y s e s .
F o l l o w i n g  sample  a p p l i c a t i o n  t o  a Dowex a n i o n  exchange  
column and s u b s e q u e n t  w ash ing  w i t h  d i s t i l l e d  w a t e r ,  i t  was 
p o s s i b l e  t o  d e m o n s t r a t e  t h a t  f u r t h e r  r a d i o a c t i v i t y  was 
r e l e a s e d  when t h e  e l u t i n g  b u f f e r  c a p a b le  o f  rem ov ing  I P 5 / 0  
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F i g .  3 . 6 .  E l u t i o n  o f  Aqueous and O rg a n ic  L a y e rs  o f  a B l i g h  
and Dyer E x t r a c t i o n  f ro m  Dowex Anion Exchange R e s in
S t r a i n  A364A was grown t o  l a t e  e x p o n e n t i a l  phase i n  100 ml 
YEPD + 1 .0  pCi m y o - [ 3 H ] - i n o s i t o l . F o l l o w i n g  c e l l  h a r v e s t  by 
c e n t r i f u g a t i o n ,  t h e  p e l l e t  was washed and l a b e l l e d  compounds 
e x t r a c t e d  u s in g  th e  method o f  B l i g h  and Dyer  ( 1 9 5 9 ) .  Each 
phase was e l u t e d  f r o m  a 1 ml Dowex r e s i n  co lumn w i t h  
i n c r e a s i n g  c o n c e n t r a t i o n s  o f  ammonium f o r m a t e / f o r m i c  a c i d .  
F r a c t i o n s  (2  m l )  were m a n u a l l y  c o l l e c t e d  and m ixed w i t h  
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F i g .  3 . 7 .  Bu lk  Removal o f  R a d i o a c t i v i t y  f rom  Dowex Resin
S t r a i n  A364A was grown t o  l a t e  e x p o n e n t i a l / s t a t i o n a r y  phase 
i n  YEPD w i t h  10 pCi o f  m y o - [ 3 H] - i n o s i t o ! , th e n  h a r v e s t e d  by 
c e n t r i f u g a t i o n .  R a d i o a c t i v i t y  was e x t r a c t e d  f r o m  th e  p e l l e t  
v i a  t h e  B l i g h  and Dyer (1 9 5 9 )  t e c h n iq u e  and t h e  u ppe r  
aqueous phase e l u t e d  f r o m  Dowex a n io n  exchange r e s i n  (1 cm). 
F o l l o w i n g  t h e  remova l  o f  i n o s i t o l  and G P I , t h e  co lumn was 
e l u t e d  w i t h  m o b i l e  phase s t r o n g  enough t o  remove a l l  known 
i n o s i t o l  p h o s p h a te s  f r o m  th e  r e s i n .  F r a c t i o n s  (2 m l )  were 
c o l l e c t e d  and c o u n te d  by l i q u i d  s c i n t i l l a t i o n  s p e c t r o m e t r y .
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C o n f i d e n t  t h a t  i n o s i t o l  p h o s p h a te s  were b e in g  e x t r a c t e d ,  a 
s t e p w i s e  e l u t i o n  p r o f i l e  was i n t r o d u c e d  t o  s e p a r a t e  
i n o s i t o l ,  G P I , I P 3 and any h i g h e r  p h o s p h a te s .  Any ' I P s ’ peak  
p roduced  was d i s p r o p o r t i o n a t e  how ever ,  as a m o b i le  phase  
c a p a b l e  o f  e l u t i n g  I P 3 would  a l s o  remove IP-j and I P 2 f ro m  
t h e  co lumn.  I t  was t h e r e f o r e  n e c e s s a r y  t o  i n c l u d e  f u r t h e r  
s t e p s  t o  i s o l a t e  t h e s e  i n t e r m e d i a t e s .  A l th o u g h  s e p a r a t e  
peaks  were o b t a i n e d  ( F i g .  3 . 8 ) ,  t h e i r  i d e n t i t i e s  had n o t  
been c o n f i r m e d .  I t  was n o t  known a t  t h i s  p o i n t  t h a t  t h e y  
w ere  composed m a i n l y  o f  r a d i o l y t i c  breakdown p r o d u c t s .  No 
I P 3 was d e t e c t e d .
S i m i l a r  r e s u l t s  w ere  o b t a i n e d  i n  c u l t u r e s  grown f o r  o n l y  12 
h o u rs ,  which w ere  i n  e x p o n e n t i a l  g row th  phase .  T h i s  
i n d i c a t e d  t h a t  c e l l s  d i d  n o t  have t o  re a c h  s t a t i o n a r y  phase  
f o r  maximal l a b e l l i n g  t o  be a c h i e v e d ,  when f l u x  o f  
b io c h e m ic a l  pa thw ays  may be s l o w in g  down o r  c e a s i n g .
Exam in ing  what  a p p e a re d  t o  be 2 peaks o c c u r r i n g  i n  t h e  I P 2 
window, and c o n c e rn e d  w i t h  t h e  p o s s i b i l i t y  t h a t  I P 3 may have  
been c o - e l u t i n g  w i t h  I P 2 > t h e  c o n c e n t r a t i o n  o f  t h e  e l u t i o n  
b u f f e r s  w ere  b ro k e n  down i n t o  0 . 5  M s t e p s  as 2 compounds 
w i t h  d i f f e r e n t  i o n i c  c h a rg e s  s h o u ld  n o t  e l u t e  a t  one m o b i le  
phase c o n c e n t r a t i o n .  I P 3 was s t i l l  n o t  seen i n  12 o r  24  hour  
c u l t u r e s  and t h e  dua l  peaks  ap p e a re d  t o  be s c i n t i l l a t i o n  
c o u n t i n g  e r r o r s .  R e c o u n t in g  t h e  same v i a l s  f a i l e d  t o  p ro d u ce  
t h e  same r e u l t s  -  o n l y  background r a d i o a c t i v i t y  was 
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F i g .  3 . 8  S e p a r a t i o n  o f  Lower I n o s i t o l  Phosphates
A c u l t u r e  o f  y e a s t  was grown t o  l a t e  e x p o n e n t i a l  phase i n  
t h e  p re se n ce  o f  m y o - [ 3 H ] - i n o s i t o l  t r a c e r .  F o l l o w i n g  h a r v e s t  
o f  t h e  c e l l s  by c e n t r i f u g a t i o n ,  i n o s i t o l  p h o s p h a te s  were 
e x t r a c t e d  by t h e  method o f  B l i g h  and Dyer (1 9 5 9 )  and a p p l i e d  
t o  a 1 ml Dowex a n io n  exchange co lum n.  I n d i v i d u a l  i n o s i t o l  
p h o sp h a te s  were e l u t e d  u s in g  a s t e p - w i s e  g r a d i e n t  o f  
i n c r e a s i n g  ammonium fo r m a t e  c o n c e n t r a t i o n s .  F r a c t i o n s  (2  m l )  
were c o l l e c t e d  and m ixed  w i t h  8  ml o f  O p t ip h a s e  'S a fe *  f l u i d  
f o r  c o u n t i n g  by l i q u i d  s c i n t i l l a t i o n  s p e c t r o m e t r y .
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3 .5  D e te c tio n  o f In o s ito l  Phosphates
I n  an a t t e m p t  t o  m ax im ise  t r a c e r  u p ta k e  by y e a s t  c e l l s ,  a 
p r o t o c o l  was d e v is e d  i n  w h ich  c e l l s  w ere  i n c u b a t e d  in  
d e f i n e d  MM w i t h o u t  i n o s i t o l  (MM i n o ” ) t o  s t a r v e  them o f  t h e  
s u b s t r a t e  b e f o r e  a d d i t i o n  o f  t h e  r a d i o a c t i v e  t r a c e r  ( s e e  
Methods and M a t e r i a l s  2 . 1 1 ) .  F o l l o w i n g  t h e  s t a r v a t i o n ,  
s t r a i n s  MC3 and A364A w ere  in c u b a t e d  f o r  t im e d  p e r i o d s  ( 5 - 2 0  
m in )  w i t h  t r a c e r  i n o s i t o l  ( m y o - [  H ] - i n o s i t o l , 1 . 5  p C i ) .  
E x t r a c t s  f ro m  t h e  20 m in u te  sam ples  were e l u t e d  f ro m  Dowex 
a n io n  exchange  co lum ns.  The p r o f i l e s  o b t a i n e d  showed t h e  
p re s e n c e  o f  peaks w h ic h  e x h i b i t e d  r e t e n t i o n  p r o p e r t i e s  
c o r r e s p o n d i n g  t o  GPI and IP-| . I t  was c o n s i d e r e d  t h a t  t h e s e  
peaks may have been t h e  end p r o d u c t s  o f  a d e g r a d a t i o n  
p a th w a y ,  and t h a t  sam ples  t a k e n  a t  5 and 10 m in u te s  may have  
c o n t a i n e d  h i g h e r  i n o s i t o l  p h o s p h a te s ,  n o t  y e t  b roken  down.  
The m a g n i tu d e  o f  t h e s e  peaks was however seen t o  i n c r e a s e  
w i t h  t i m e ,  p a r t i c u l a r l y  i n  s t r a i n  MC3 ( F i g .  3 . 9 )  and 
p r o d u c t s  such as I P 2 and I P 3 w ere  n o t  d e t e c t e d .  Peaks w ere  
r e c o r d e d  i n  t h e  sam ples  f ro m  both  s t r a i n s  a l t h o u g h  more  
r a d i o a c t i v i t y  had been i n c o r p o r a t e d  i n t o  t h e  MC3 e x t r a c t s .
I t  was t h e r e f o r e  d e c id e d  t o  c o n t i n u e  e x p e r i m e n t s  w i t h  t h i s  
s t r a i n  o n l y .  I t  had been d e m o n s t r a te d  t h a t  GPI and IP-j c o u ld  
be i s o l a t e d  f ro m  a y e a s t  c u l t u r e  f o l l o w i n g  i n o s i t o l  
s t a r v a t i  o n .
I t  was f u r t h e r  shown t h a t  i f  t h e  p e r i o d  o f  i n c u b a t i o n  was 
i n c r e a s e d  ( 3 0 - 6 0  m i n ) ,  th e n  a peak c o r r e s p o n d i n g  t o  I P 2 
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F i g u r e  3 . 9 .  The E l u t i o n  o f  MC3 E x t r a c t s  F o l l o w i n g  
" S t a r v a t i o n / I n c u b a t i o n "  T r e a t m e n t .
C e l l  e x t r a c t s  were c o l l e c t e d  by c e n t r i f u g a t i o n  and a p p l i e d  
t o  a 1 ml Dowex a n io n  exchange co lum n .  A s t e p w i s e  e l u t i o n  
sys tem  o f  i n c r e a s i n g  ammonium f o r m a t e / 0 . 1  M f o r m i c  a c i d  
c o n c e n t r a t i o n  was used t o  e l u t e  t h e  compounds and 2 ml 
f r a c t i o n s  were c o l l e c t e d  m a n u a l l y .  F r a c t i o n s  were m ixed  w i t h  
8  ml o f  O p t ip h a s e  ' S a f e ’ s c i n t i l l a t i o n  f l u i d  and 
r a d i o a c t i v i t y  was d e te r m in e d  by l i q u i d  s c i n t i l l a t i o n  
s p e c t r o m e t r y .
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3 . 1 0 ) .  I n o s i t o l  b is p h o s p h a t e  had n o t  p r e v i o u s l y  been  
d e t e c t e d  in  y e a s t  c e l l  e x t r a c t s  ( K a i b u c h i  e t  a 7 . ,  198 6 )  and  
i t  was n o te d  t h a t  t h e  I P 2 peak d e c re a s e d  in  m a g n i tu d e  w i t h  
t i m e  w hereas  b o th  IP-| and GPI showed an i n c r e a s e .  T h i s  
r e s u l t  i n f e r r e d  t h a t  a breakdown pathway was a f f e c t i n g  t h e  
o b s e r v e d  compounds.
C oncerned  t h a t  t h e  s t a r v a t i o n  t r e a t m e n t  may have i n h i b i t e d  
c e l l  m e t a b o l is m  o r  induced  a s t a t e  w h e r e in  i n o s i t o l  u p t a k e  
was i m p o s s i b l e ,  an e x p e r i m e n t  was p e r fo rm e d  t o  c o m p a r e : -
1] L a b e l l i n g  w i t h o u t  s t a r v a t i o n ,  and
2]  Normal s t a r v a t i o n  m e th o d o lo g y .
I n  t h e  normal  method ( 2 ) ,  i n c u b a t i o n s  o f  30 and 60 m in u te s  
produced  peaks  i n  t h e  G P I ,  IP-j and I P 2 windows which  
i n c r e a s e d  w i t h  t i m e .  No I P 3 was s e e n .  L a b e l l i n g  w i t h o u t  
s t a r v a t i o n  ( 1 )  a l s o  d e m o n s t r a t e d  G P I - I P 2 peak p r o d u c t i o n ,  
b u t  n o t  o f  t h e  same m a g n i t u d e .  A c c u m u la t io n  w i t h  t i m e  was 
n o t  shown b u t  t h i s  e x p e r i m e n t  s u g g e s te d  t h a t  a s i m i l a r  
r e s u l t  c o u ld  be a c h ie v e d  w i t h o u t  imposing  m e t a b o l i c  s t r e s s ,  
such as s t a r v a t i o n ,  on t h e  c e l l s .  I t  was t h e r e f o r e  p o s s i b l e  
t o  c o n s i d e r  t h e  use o f  c e l l s  t h a t  were w i l d  t y p e  f o r  
i n o s i t o l  u p t a k e  i n  such e x p e r i m e n t s .
I t  was a l s o  c o n s i d e r e d  p o s s i b l e  t h a t  w i t h  o n l y  r a d i o a c t i v e  
i n o s i t o l  p r e s e n t  in  t h e  medium, t h e  c e l l s  w ere  n o t  p r o v i d e d  
w i t h  an a d e q u a t e  s u p p ly  o f  t h e  s u b s t r a t e  f o r  f u l l  
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F i g u r e  3 . 1 0 .  The E l u t i o n  o f  MC3 E x t r a c t s  F o l l o w i n g  Ex tended  
* S t a r v a t i o n / I n c u b a t i o n 1 T r e a t m e n t .
Samples o f  MC3 were t r e a t e d  a c c o r d i n g  t o  t h e  ' s t a r v a t i o n /  
i n c u b a t i o n ’ m e th o d o lo g y  and in c u b a te d  w i t h  m yo - [  H ] - i n o s i t o l  
+ PT6-271 f o r  30 and 60 m in .  R e a c t io n s  were h a l t e d  by 
b o i l i n g  (2 m in )  and e x t r a c t s  were e l u t e d  f r o m  Dowex a n io n  
exchange r e s i n  u s in g  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  ammonium 
f o r m a t e .  F r a c t i o n s  (2 m l )  were mixed w i t h  O p t ip h a s e  ' S a f e ’
( 8  m l )  f o r  l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  . E s s e n t i a l l y  
i d e n t i c a l  r e s u l t s  were o b t a in e d  i n  d u p l i c a t e  e x p e r i m e n t s .
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added non r a d i o a c t i v e  i n o s i t o l  d i d  n o t  a f f e c t  peak f o r m a t i o n  
( d a t a  n o t  show n) .
The normal  method ( 2 )  has been r e p e a t e d  w i t h  14C - l a b e l  l e d  
i n o s i t o l  and t h e  same peaks d e t e c t e d  ( d a t a  n o t  shown) .
E a r l i e r  e x p e r i m e n t s  had g e n e r a l l y  i n v o l v e d  t h e  i n c o r p o r a t i o n
o f  o n l y  v e r y  low l e v e l s  o f  t r a c e r  i n o s i t o l  p r o m o t in g
t h e o r i e s  o f  i n a d e q u a t e  l a b e l l i n g  c o n c e n t r a t i o n s  f o r  I P 3
d e t e c t i o n .  A s t a r v a t i o n / i n c u b a t i o n  assay  was p e r fo r m e d  w i t h  
— 1 ^10 pCi ml H - i n o s i t o l  (no  c o n ta m i n a n t s  p r e s e n t )  and 
s i m i l a r  peaks w ere  d e t e c t e d  as in  p r e v i o u s  e x p e r i m e n t s  ( F i g .
3 . 1 1 ) .
I n  an a t t e m p t  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  a g l u c o s e /  
n u t r i e n t  s t i m u l a t i o n  on t h e  s ys te m ,  t h e  s t a r v a t i o n  p e r i o d  
was r e p l a c e d  by r e s u s p e n s i o n  o f  t h e  c e l l s  i n  a complex  
medium, i . e .  YEPD. Peaks c o r r e s p o n d i  ng t o  GPI and IP*j were  
r e c o r d e d  in  d u p l i c a t e  e x p e r i m e n t s .  A l th o u g h  t h e s e  peaks were  
o f  a g r e a t e r  m a g n i tu d e  th a n  t h o s e  o b t a i n e d  i n  t h e  
' s t a r v a t i o n / i n c u b a t i o n ’ e x p e r i m e n t s ,  I P 2 was n o t  p r e s e n t .
The g l u c o s e / n u t r i e n t  m e d ia t e d  h y d r o l y s i s  o f  membrane P I P 2 t o  
produ ce  I P 3 had a l s o  n o t  been d e m o n s t r a t e d .
To exam ine t h e  e f f e c t  o f  a g l u c o s e - o n l y  s t i m u l u s ,  t h e  
o r i g i n a l  method was used w i t h  an added 1 hou r  i n c u b a t i o n  in  
t h e  p r e s e n c e  o f  a f i n a l  c o n c e n t r a t i o n  o f  25 mM g l u c o s e .  
R e a c t io n s  w ere  h a l t e d  as p r e v i o u s l y  d e s c r i b e d  and t h e  
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F i g .  3 . 1 1 .  C o n v e rs io n  o f  H - I n o s i t o l  E x p e r im e n t  u s in g  
S t a r v a t i o n / I n c u b a t i o n  method f o r  60 min a t  10 pCi m l -1
A sample  o f  MC3 was t r e a t e d  a c c o r d i n g  t o  t h e  ' s t a r v a t i o n /
o
i n c u b a t i o n ’ m e th o d o lo g y  and in c u b a te d  w i t h  t r a c e r  m y o - [ H] -  
i n o s i t o l  + PT6-271 (10 pCi m l - 1 ) f o r  60 m in .  R e a c t i o n s  were 
h a l t e d  by b o i l i n g  f o r  2 m in u te s  and t h e  e x t r a c t  was e l u t e d  
f r o m  a Dowex a n io n  exchange  column u s in g  a s t e p w is e  g r a d i e n t  
o f  i n c r e a s i n g  ammonium f o r m a t e  c o n c e n t r a t i o n s .  F r a c t i o n s  
were c o l l e c t e d  and m ixed  w i t h  8 ml O p t ip h a s e  ' S a f e ’ f l u i d  
f o r  c o u n t i n g  by l i q u i d  s c i n t i l l a t i o n  s p e c t r o m e t r y .
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c h r o m a t o g r a p h y . T h r e e  s e p a r a t e  e x p e r im e n t s  gave a l m o s t  
i d e n t i c a l  e l u t i o n  p r o f i l e s  c o n t a i n i n g  G P I ,  IP-j and I P 2 peaks  
( F i g .  3 . 1 2 ) .  No I P 3 was d e t e c t e d  however and t h e  use o f  
B l i g h  and Dyer  o r  TCA e x t r a c t i o n  methods ( B e r r i d g e  e t  a 7 . ,  
1 9 8 3 )  as a l t e r n a t i v e  e x t r a c t i o n  p ro c e d u r e s  d i d  n o t  enhance  
o r  im prove  t h e  r e s u l t s  i n  r e p e a t  e x p e r i m e n t s .
A n a l y s i s  o f  t h e  i n i t i a l  s u p e r n a t a n t s  (MM i n o ” c e l l  f r e e  
e x t r a c t s )  by e l u t i o n  f ro m  Dowex a n io n  exchange  co lumns had  
r e g u l a r l y  shown t h e  p r e s e n c e  o f  bo th  i n o s i t o l  and G P I .  T h i s  
was n o t  u n e x p e c te d  s i n c e  i n o s i t o l  and GPI a c c o u n t  f o r
q
v i r t u a l l y  a l l  t h e  [ H] l a b e l  in  t h e  medium f ro m  y e a s t
q
c u l t u r e d  in  t h e  p r e s e n c e  o f  [ ° H ] - i n o s i t o l  (Angus and L e s t e r ,  
1 9 7 2 ) .  P h o s p h a t i d y 1 i n o s i t o l  ( P I )  c a t a b o l i s m  l e a d s  t o  t h e  
a c c u m u la t i o n  o f  GPI i n  t h e  medium as i t  d e a c y l a t e s  a t  t h e  
c e l l  s u r f a c e  (Angus and L e s t e r ,  1 9 7 5 ) .  Under  s t e a d y - s t a t e  
c o n d i t i o n s ,  e x t r a c e l 1u l a r  GPI produced by a g r o w in g  c u l t u r e  
c o n t a i n s  a b o u t  25% o f  t h e  i n o s i t o l  and p h o s p h a te  fo u n d  i n  P I  
i t s e l f ,  a l t h o u g h  t h e  f o r m a t i o n  o f  e x t r a c e l 1u l a r  GPI f ro m  PI  
t u r n o v e r  i s  i n f l u e n c e d  by t h e  a v a i l a b i l i t y  o f  an e n e rg y  
s o u r c e .  When c e l l s  a r e  d e p r i v e d  o f  g l u c o s e ,  t h e  f o r m a t i o n  o f  
GPI d e c l i n e s  w hereas  t h e  ap p e a ra n c e  o f  f r e e  i n o s i t o l  i n  t h e  
grow th  medium i n c r e a s e s .  T h i s  s i t u a t i o n  i s  r e v e r s e d  by 
r e f e e d i n g  g lu c o s e  t o  t h e  c e l l s  ( W h i t e  e t  a l . ,  1991 ;  Angus  
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F i g  3 . 1 2 .  S t a r v a t i o n / I n c u b a t i o n  E x p e r im e n t  w i t h  G lucose  
S t imu1 a t i o n
S t r a i n  MC3 was grown t o  l a t e  e x p o n e n t i a l  phase i n  YEPD th e n  
h a r v e s t e d  and washed. The p e l l e t  was resuspended  i n  MM ino~  
(100 m l )  and i n c u b a t e d  f o r  2 h o u rs  a t  30 °C .  The c e l l s  were 
th e n  resuspended  i n  9 ml o f  MM i n o "  and su p p le m e n te d  w i t h  
1 4 C - i n o s i t o l  (10 p i .  0 .2 5  p C i ) .  The c e l l s  were i n c u b a t e d  f o r  
1 h o u r ,  th e n  s t i m u l a t e d  w i t h  g lu c o s e  (25 mM). R e a c t i o n s  were 
h a l t e d  by b o i l i n g  a f t e r  a f u r t h e r  60 min and s u p e r n a t a n t s  
were a n a ly s e d  by Dowex a n io n  exchange c h r o m a to g ra p h y .
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3,6 Incorporation of T% n-Inosito l.in to  Sacch. cereYisiae
Prom pted  by t h e  i n a b i l i t y  t o  d e t e c t  I P 3 i n  a y e a s t  c e l l  
e x t r a c t ,  i t  was d e c id e d  t o  m o n i t o r  t h e  u p t a k e  o f  t r a c e r  
i n o s i t o l  i n  a g ro w in g  c u l t u r e  o f  t h e  i n o s i t o l - r e q u i r i n g  
m u t a n t  MC3. I t  would  t h u s  be p o s s i b l e  t o  d e m o n s t r a t e  t h a t  
c e l l s  w ere  b e in g  l a b e l l e d  t o  an ad e q u a te  a c t i v i t y  l e v e l  and  
p r o v i d e  i n f o r m a t i o n  a b o u t  t h e  l e n g t h  o f  t i m e  r e q u i r e d  f o r  
r a d i o a c t i v i t y  i n c o r p o r a t i o n .
The o r i g i n a l  e x p e r i m e n t  showed t h a t  t h e  t o t a l  c o u n ts  in  t h e  
p e l l e t  m i r r o r e d  t h e  g ro w th  c u r v e  ( F i g .  3 . 1 3 ) .  T h i s  gave good 
e v i d e n c e  t h a t  t h e  y e a s t  c e l l s  were  a c t i v e l y  t a k i n g  up t h e  
t r a c e r  as p r e d i c t e d  by H e nry  ( 1 9 8 2 )  and N ikaw a e t  a l .
( 1 9 8 2 ) .  The amount o f  r a d i o a c t v i t y  in  t h e  p e l l e t  m a t e r i a l  
was seen t o  i n c r e a s e  w i t h  t i m e  a l t h o u g h  t h e  l e v e l s  i n  t h e  
s u p e r n a t a n t s  rem ained  r e l a t i v e l y  c o n s t a n t  t h r o u g h o u t  ( d a t a  
n o t  shown) .  T h i s  was t h o u g h t  t o  be due t o  t h e  f l u x  between  
u p t a k e  o f  r a d i o a c t i v e  i n o s i t o l  f ro m  t h e  medium and t h e  
e x t r a c e l l u l a r  r e l e a s e  o f  ° H - G P I  p l u s  P i - d e r i v e d  ° H - i n o s i t o l .
O b s e r v in g  t h e  e x p o n e n t i a l  phase o f  g ro w th ,  w h ic h  c o i n c i d e d  
w i t h  t h e  p e r i o d  o f  maximal  t r a c e r  u p t a k e ,  t h e  r e s u l t  
i n d i c a t e d  t h a t  a p o p u l a t i o n  o f  e x p o n e n t i a l l y  g ro w in g  c e l l s  
c o u ld  be f u l l y  l a b e l l e d  w i t h i n  a p e r i o d  o f  5 - 6  h o u rs .
A second u p t a k e  e x p e r i m e n t  was p e r fo rm e d  u s i n g  t h e  same 
m e th o d o lo g y ,  e x c e p t  t h a t  g row th  was m o n i to r e d  by t h e  
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F i g .  3 .1 3 .  U p tak e  o f  ° H - I n o s i t o l  by Sacch. c e r e v i s i a e  ( MC3)
S t r a i n  MC3 was grown i n  MM i n o + a t  30 °C w i t h  2 pCi o f  myo- 
[ 3 H ] - i n o s i t o l . Samples (2 x 1 m l )  were p e r i o d i c a l l y  removed 
and h a r v e s t e d  by c e n t r i f u g a t i o n .  The p e l l e t  was washed once 
i n  w a t e r  and resuspended  i n  2 ml o f  w a te r  p r i o r  t o  m i x i n g  
w i t h  8  ml o f  O p t i p h a s e  ' S a f e ’ f o r  l i q u i d  s c i n t i l l a t i o n  
c o u n t i n g .  Samples (1 m l )  were  s i m u l t a n e o u s l y  removed f r o m  a 
p a r a l l e l  c u l t u r e  and assessed  f o r  g ro w th  s ta g e  by 
measurement o f  t h e  o p t i c a l  d e n s i t y  a t  600 nm.
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c o u n t e r .  Once a g a i n ,  t o t a l  r a d i o a c t i v i t y  i n  t h e  p e l l e t  
m i r r o r e d  t h e  g ro w th  c u r v e ,  b u t  i t  was a l s o  p o s s i b l e  t o  
exa m ine  t h e  r a d i o a c t i v i t y  i n c o r p o r a t e d  on a ' p e r  c e l l ’ 
b a s i s .  F i g u r e  3 . 1 4  i n d i c a t e d  t h a t  i n o s i t o l  u p t a k e  may 
i n v o l v e  t h e  e q u i l i b r a t i o n  o f  i n t e r n a l  i n o s i t o l - s i n k  p o o l s ,  
as a t w o - s t a g e  c e l l  l a b e l l i n g  c u r v e  i s  s e e n .  Both  
e x p e r i m e n t s  d e m o n s t r a t e d  t h a t  maximum l a b e l l i n g  had been 
a c h ie v e d  a t  t h e  end o f  e x p o n e n t i a l  phase and t h e  
r a d i o a c t i v i t y  p e r  i n d i v i d u a l  c e l l  had m ax im ised  by m id ­
e x p o n e n t i a l .  Any i n c r e a s e  i n  t h e  t o t a l  amount o f  
r a d i o a c t i v i t y  r e c o v e r e d  f ro m  a p e l l e t  a f t e r  a c e l l  had 
re a c h e d  s t a t i o n a r y  phase would  n o t  be due t o  f u r t h e r  u p t a k e .  
Once t h e  w ho le  p o p u l a t i o n  had reached  s t a t i o n a r y  p hase ,  
t o t a l  u p t a k e  would  be c o m p l e t e .
H a v in g  d e m o n s t r a t e d  t h a t  r a d i o a c t i v i t y  was i n c o r p o r a t e d ,  i t  
was th e n  i m p o r t a n t  t o  show t h a t  t h e  3H - i n o s i t o l  was 
d i s t r i b u t e d  t o  t h e  p e r t i n e n t  l i p i d s ,  P I ,  P IP  and P IP g .  I f  
t h e  p h o s p h o i n o s i t i d e s  rem a in ed  u n l a b e l l e d ,  i t  w ould  be 
i m p o s s i b l e  t o  p ro d u ce  r a d i o a c t i v e  I P 3 . A number o f  p o s s i b l e  
d e s t i n a t i o n s  w ere  a v a i l a b l e  f o r  i n c o r p o r a t e d  m y o - i n o s i t o l  
t h a t  would  red u c e  t h e  e f f i c i e n c y  o f  p o l y p h o s p h o i n o s i t i d e  
1a b e l 1 i n g : -
1) I t  was r e p o r t e d  t h a t  m y o - i n o s i t o l  g e t s  i n c o r p o r a t e d  i n t o
numerous membrane g l y c o p r o t e i n s  (Conze lmann e t  a l . ,  1 9 9 0 ) ,
t h e  m y o - i n o s i t o l  b e in g  a t t a c h e d  t o  t h e  g l y c o p r o t e i n s  as p a r t  
o f  a p h o s p h o l i p i d  m o i e t y  w h ich  res e m b le s  g l y c o p h o s p h o l i p i d  
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F i g .  3 . 1 4 .  I n o s i t o l  U p take  E x p e r im e n t  No. 2
S t r a i n  MC3 was grown i n  MM i n o + a t  30 °C w i t h  2 pCi o f  myo-
O
[ H ] - i n o s i t o l . Samples (2  x 1 m l )  were p e r i o d i c a l l y  removed 
and h a r v e s t e d  by c e n t r i f u g a t i o n .  The p e l l e t  was washed once 
i n  w a t e r  and resuspended  i n  2 ml o f  w a t e r  p r i o r  t o  m i x i n g  
w i t h  8  ml o f  O p t ip h a s e  ' S a f e ’ f o r  l i q u i d  s c i n t i l l a t i o n  
c o u n t i n g .  One m i l l i l i t r e  samples were s i m u l t a n e o u s l y  removed 
f ro m  a p a r a l l e l  c u l t u r e  and assessed f o r  g ro w th  s ta g e  by 
measurement u s in g  t h e  e l e c t r o n i c  p a r t i c l e  c o u n t e r .
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r a d i o a c t i v i t y  a v a i l a b l e  f o r  t h e  p o l y p h o s p h o i n o s i t i d e s  as t h e  
p h o s p h o l i p i d  m o i e t i e s  can be added t o  p r o t e i n s  in  t h e  
e n d o p la s m ic  r e t i c u l u m  w hich  a r e  th e n  t r a n s p o r t e d  t o  t h e  
G o lg i  by t h e  r e g u l a r  s e c r e t o r y  p a thw ay .
2 )  A l t h o u g h  P I  i s  t h e  m a jo r  i n o s i t o l - c o n t a i n i n g  l i p i d  in  
y e a s t ,  i n o s i t o l - c o n t a i n i n g  s p h i n g o l i p i d s  r e p r e s e n t  40 -60%  o f  
t h e  t o t a l  i n o s i t o l - c o n t a i n i n g  l i p i d s  in  y e a s t ,  d e p e n d in g  on 
g ro w th  c o n d i t i o n s  and s t r a i n s  ( L e s t e r  e t  a l . ,  1 9 7 8 ) .  The 
most a b u n d a n t  i n o s i t o l - c o n t a i n i n g  s p h i n g o l i p i d  i n  y e a s t  i s  
c e r a m i d e - ( P - i n o s i t o l ) 2 mannose ( C e r I 2 P2M; S t e i n e r  e t  a 1 . ,  
1 9 6 9 )  and s t u d i e s  o f  t h e  l a b e l l i n g  b e h a v i o u r  and t u r n o v e r  o f  
i n o s i t o l - c o n t a i n i n g  l i p i d s  s u g g e s ts  t h a t  t h e  i n o s i t o l  in  
C e r I 2 P2M i s  d e r i v e d  f ro m  P I  (Angus and L e s t e r ,  1 9 7 2 ) .
3 )  The p r e v i o u s l y  d i s c u s s e d  GPI ( C h a p t e r  3 . 5 )  w ould  a l s o  
r e s u l t  i n  a r e d u c t i o n  o f  a v a i l a b l e  r a d i o a c t i v i t y  f o r  t h e  
p o ly p h o s p h o i  nosi  t i  d e s .
The d e t e c t i o n  and s e p a r a t i o n  o f  p h o s p h o l i p i d s  was p e r f o r m e d  
u s in g  t h i n  l a y e r  c h ro m a to g ra p h y  as d e s c r i b e d  i n  M a t e r i a l s  
and Methods 2 . 2 2  a f t e r  Medh and W e i g e l ,  ( 1 9 8 9 ) ;  Auger  e t  
a l . ,  ( 1 9 8 9 a ) ;  B i l l a h  and L a p e t i n a ,  ( 1 9 8 2 )  and J o l l e s  e t  a l . ,  
( 1 9 8 1 ) .  E x t r a c t e d  l i p i d s  w ere  i n i t i a l l y  f i l t e r e d  t h r o u g h  
c e l l u l o s e  n i t r a t e  f i l t e r s  t o  remove y e a s t  s o l i d s ,  b u t  t h i s  
was b e l i e v e d  t o  i n h i b i t  t h e  r e c o v e r y  o f  l i p i d s  as t h e y  
became s t u c k  in  t h e  f i l t e r  m a t r i x  ( V e a z e y ,  F . , 1990 ;  p e r s .  
comm.) .  F i l t r a t i o n  was t h e r e f o r e  p e r fo rm e d  w i t h  g l a s s  
m i c r o f i b r e  f i l t e r s  ( G F / F ,  Whatman, UK).  T e s t  p l a t e s  w ere
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s p o t t e d  w i t h  5 - 6  pi  o f  known u n l a b e l l e d  p h o s p h o l i p i d  
s t a n d a r d s  and t h e  m o b i le  phase o f  B i l l  ah and L a p e t i n a  ( 1 9 8 2 )  
was used t o  s e p a r a t e  them .  T h r e e  a t t e m p t s  w ere  p e r f o r m e d  in  
c h ro m a to g ra p h y  t a n k s  t h a t  had n o t  been l i n e d  w i t h  f i l t e r  
p a p e r .  No s e p a r a t i o n  o f  t h e  s t a n d a r d s  was d e t e c t e d  a l t h o u g h  
' t r a c k s ’ w ere  v i s i b l e  on t h e  p l a t e .  The p h o s p h o l i p i d s  had 
been moved by t h e  m o b i le  phase b u t  no s e p a r a t i o n  had been  
a c h i e v e d .  B e l i e v i n g  t h e  f a u l t  t o  be due t o  n o n - c o m p a t i b i l i t y  
o f  t h e  m o b i le  phase,  t h e  method o f  J o l l e s  e t  a 7. ( 1 9 8 1 )  was 
used.  S i m i l a r  r e s u l t s  w ere  o b t a i n e d  in  d u p l i c a t e  
e x p e r i m e n t s .  T r a c k s  w ere  v i s i b l e  on t h e  p l a t e  and no 
d i s t i n c t  s p o ts  c o u ld  be i d e n t i f i e d .  I t  was c o n c lu d e d  t h a t  
due t o  n o n - s a t u r a t i o n  o f  t h e  c h r o m a t o g r a p h y - t a n k  a tm o s p h e re ,  
t h e  s o l v e n t  was c o n t i n u o u s l y  e v a p o r a t i n g  f ro m  t h e  s u r f a c e  o f  
t h e  p l a t e .  A t  a c e r t a i n  p o i n t ,  t h e  r a t e  o f  e v a p o r a t i o n  was 
equ a l  t o  r a t e  o f  m o b i le  phase t r a v e l l i n g  up t h e  p l a t e .  T h i s  
made f u r t h e r  p r o g r e s s  up t h e  p l a t e  e x t r e m e l y  s lo w  o r  
i m p o s s i b l e .  The l i p i d s  however  c o n t i n u e d  t o  move upwards and 
c o n verg ed  a t  t h e  l e v e l  o f  t h e  s o l v e n t  f r o n t .  I t  was f o r  t h i s  
reas on  t h a t  i n  many cas e s  o n l y  one l a r g e  s t a i n e d  a r e a  
a p p e a re d  a t  t h e  h e i g h t  o f  t h e  s o l v e n t  f r o n t .
C h rom atography  t a n k s  w ere  t h e r e f o r e  l i n e d  w i t h  f i l t e r  p a p e r  
b e f o r e  a d d i t i o n  o f  t h e  m o b i le  phase and a l l o w e d  t o  
e q u i l i b r a t e  f o r  a t  l e a s t  3 hou rs  p r i o r  t o  i n t r o d u c t i o n  o f  a 
p l a t e  f o r  d e v e lo p m e n t .
T h i s  m o d i f i c a t i o n  a l l o w e d  s e p a r a t i o n  o f  t h e  s t a n d a r d  
p h o s p h o l i p i d s .  The Rf  v a l u e s  a l t e r e d  s l i g h t l y  a c c o r d i n g  t o  
t h e  p e r i o d  o f  d e v e lo p m e n t  in  t h e  t a n k  and t h e  a m b ie n t
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t e m p e r a t u r e  b u t  t h e  o r d e r  o f  e l u t i o n  rem ained  c o n s t a n t :  
P h o s p h a t i d i c  a c i d  (PA) > P h o s p h a t i d y 1s e r i n e  (PS)  > 
P h o s p h a t i d y l c h o l i n e  (PC)  > P h o s p h a t i d y l  i n o s i t o l .
The l i p i d  e x t r a c t  f ro m  a n o n - l a b e l  l e d  c u l t u r e  o f  s t r a i n  MC3 
grown t o  l a t e  e x p o n e n t i a l  phase was used i n  a t r i a l  run in  
t h e  same c h r o m a t o g r a p h ic  c o n d i t i o n s .  O b s e r v in g  f o u r  s e p a r a t e  
bands in  t h e  e x t r a c t ,  one o f  which  e l u t e d  w i t h  t h e  P I  
s t a n d a r d ,  t h e  s e p a r a t i o n  was r e p e a t e d  w i t h  a c u l t u r e  ( 100m l)  
grown t o  l a t e - e x p o n e n t i a l  phase i n  t h e  p re s e n c e  o f  2 pCi o f
q
m y o - [ ° H ] - i n o s i t o l  + P T 6 - 2 7 1 .  Four  bands w ere  a g a i n  r e c o r d e d  
-  two e l u t e d  w i t h  s t a n d a r d s  P I  and PS and two d i d  n o t  
c o r r e s p o n d  t o  any o f  t h e  s t a n d a r d s .
The bands and i n t e r - b a n d  r e g i o n s  were c u t  o u t  and mixed w i t h  
s c i n t i l l a t i o n  f l u i d  ( 8  m l )  f o r  d e t e c t i o n  o f  r a d i o a c t i v i t y .
Of t h e  r a d i o a c t i v i t y  r e c o v e r e d  f rom  t h e  p l a t e  73 .4% was
l o c a t e d  in  t h e  P I  band ( R f  0 . 5 ) .  T h i s  was p o s i t i v e  e v i d e n c e
 ^ ■ f o r  s u c c e s s f u l  H - i n o s i t o l  u p ta k e  and l n c o r p o r a t i o n  i n t o  t h e
p h o s p h o i n o s i t i d e s . Two f u r t h e r  a r e a s  o f  r a d i o a c t i v i t y  w ere  
a l s o  d e t e c t e d  on t h e  p l a t e ,  a v i s i b l e  band a t  Rf  0 . 2 9  
c o n t a i n e d  8 . 12% o f  t h e  r e c o v e r e d  r a d i o a c t i v i t y  and an i n t e r ­
band a r e a  a t  R f  0 . 4 5  was l a b e l l e d  w i t h  10.1% o f  t h e  t o t a l  
r a d i o a c t i v i t y .  N e i t h e r  o f  t h e s e  a r e a s  e l u t e d  w i t h  t h e  
s t a n d a r d s ,  and none o f  t h e  o t h e r  bands c o n t a i n e d  any  
r a d i o a c t i v i t y .  The ' s e c o n d a r y ’ bands w ere  t h o u g h t  t o  
r e p r e s e n t  r a d i o a c t i v i t y  i n c o r p o r a t i o n  i n t o  t h e  
p o l y p h o s p h o i n o s i t i d e s .
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U n l a b e l l e d  P I P 2 was o b t a i n e d  and t h e  l i p i d  e x t r a c t  f ro m  a 
n o n - l a b e l  l e d  c u l t u r e  was e l u t e d  u s in g  P I ,  i n o s i t o l  and t h e  
p o l y p h o s p h o i n o s i t i d e  as s t a n d a r d  m a r k e r s .  The e x p e c t e d  f o u r  
bands were o b t a i n e d  f ro m  t h e  e x t r a c t ,  none o f  w h ich  co­
e l u t e d  w i t h  P I P 2 . The P I P 2 m a rk e r  d i d  n o t  e l u t e  i n  t h e  
p o s i t i o n  o f  e i t h e r  o f  t h e  two p r e v i o u s l y  d e t e c t e d  
r a d i o a c t i v e  bands and i t  was c o n s id e r e d  p o s s i b l e  t h a t  t h o s e  
a r e a s  o f  r a d i o a c t i v i t y  w ere  d e r i v e d  f ro m  l i p i d - s o l u b l e  
m o i e t i e s  o f  t h e  r a d i o l y t i c  d e c o m p o s i t io n  p r o d u c t s  o f  H-  
i n o s i t o l .  No e v i d e n c e  c o u ld  be p r o v i d e d  f o r  t h i s  how eve r ,  so  
t o  e r a d i c a t e  t h e  p o s s i b i l i t y  o f  c o n t a m i n a t i o n  a r e p e a t  
l a b e l l i n g  e x p e r i m e n t  was p e r fo r m e d  w i t h  14C - i n o s i t o l .
U n l a b e l l e d  P IP  was a l s o  o b t a i n e d  and a t e s t  p l a t e  was run  i n  
c o n j u n c t i o n  w i t h  an u n l a b e l l e d  y e a s t  l i p i d  e x t r a c t  t o  a s s e s s  
t h e  s e p a r a t i o n  o f  t h e  p h o s p h o i n o s i t i d e  m a r k e r s .  The  
p h o s p h o i n o s i t i d e  s t a n d a r d s  e l u t e d  in  t h e  o r d e r  P I  > P IP  > 
P I P 2 w i t h  t h e  Rf  v a l u e s  0 . 5 5 :  0 . 3 7 :  0 . 1 6 .  The c h a r a c t e r i s t i c  
f o u r  bands w ere  p r e s e n t  i n  t h e  l i p i d  sample  and i t  was 
i n t e r e s t i n g  t o  n o te  t h a t  t h e  band p r e v i o u s l y  fo u n d  t o  
c o n t a i n  r a d i o a c t i v i t y  c o - e l u t e d  e x a c t l y  w i t h  P I P .  I t  was 
co n c lu d e d  t h a t  r a d i o a c t i v i t y  had been s u c c e s s f u l l y  
i n c o r p o r a t e d  i n t o  bo th  P I  and P IP  in  t h e  H - i n o s i t o l  
l a b e l l i n g  e x p e r i m e n t ,  and t h e  c o u n ts  i n  t h e  u n i d e n t i f i e d  
bands were n o t  due t o  d e c o m p o s i t io n  p r o d u c t s .
A d u p l i c a t e  e x p e r i m e n t  was p e r fo rm e d  in  w h ich  100ml c u l t u r e s  
o f  s t r a i n  MC3 were l a b e l l e d  w i t h  2 p i  ( 0 . 0 5  p C i ) o f  ^ C -  
i n o s i t o l  and grown t o  l a t e  e x p o n e n t i a l / s t a t i o n a r y  p hase .
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L i p i d s  were e x t r a c t e d  and a n a ly s e d  in  t h e  usu a l  manner b u t  
t h e  r e s u l t s  were i n c o n c l u s i v e .  A l th o u g h  a d e f i n i t e  a r e a  o f  
r a d i o a c t i v i t y ,  which c o - e l u t e d  w i t h  P I  c o u ld  be i s o l a t e d  
f rom  both  p l a t e s ,  i t  was i m p o s s i b l e  t o  d e f i n e  any o t h e r  
bands because t h e  l a b e l l i n g  c o n c e n t r a t i o n  was n o t  h ig h  
enough.  A p a r t  f rom  t h e  P I  bands,  t h e  two p l a t e s  showed no 
common f e a t u r e s  and i t  was d i f f i c u l t  t o  d i s t i n g u i s h  between  
l a b e l l e d  a r e a s  and background c o u n ts .  To remedy t h i s  
s i t u a t i o n ,  a 400 ml c u l t u r e  o f  s t r a i n  MC3 was grown t o  l a t e  
e x p o n e n t i a l  phase w i t h  0 . 2 5  pCi o f  14C - i n o s i t o l  and 
h a r v e s t e d  f o r  l i p i d  e x t r a c t i o n .  I t  was th e n  p o s s i b l e  t o  
d e t e c t  t h r e e  r a d i o a c t i v e  bands which c o - e l u t e d  w i t h  t h e  
p h o s p h o i n o s i t i d e  s t a n d a r d s .  Of  t h e  c o u n ts  r e c o v e r e d  f ro m  t h e  
p l a t e  63 .7% were l o c a t e d  in  t h e  P I  band,  10 .15% w ere  i n  t h e  
P IP  band and 2 .58% were in  t h e  a r e a  c o r r e s p o n d i n g  t o  t h e  
P I P 2 band.
A l t h o u g h  t h e  r e l e v a n t  membrane p h o s p h o l i p i d s  had been 
i s o l a t e d  and s e p a r a t e d ,  t h e y  were  n o t  found  in  t h e  1 : 4 : 1 4 0  
m o la r  r a t i o  ( P I P 2 : P I P : P I ) d e s c r i b e d  by S t e i n e r  and L e s t e r  
( 1 9 7 2 b ) .  The o b s erved  r a t i o  was 1 : 6 : 2 5  w h ich  compared more  
f a v o u r a b l y  w i t h  t h e  1 : 7 : 7 8  r a t i o  d e s c r i b e d  by K a ib u c h i  e t  
a l .  ( 1 9 8 6 ) .  I t  i s  n o t  known w h e th e r  t h e  d i f f e r i n g  r a t i o s  
w ere  an a s p e c t  o f  d i f f e r e n t  s t r a i n s ,  d i f f e r e n t  g row th  
c o n d i t i o n s  o r  v a r i a t i o n s  caused by t h e  e x t r a c t i o n  t e c h n i q u e .
I n  a s i m i l a r  e x p e r i m e n t  p e r fo r m e d  a t  a h i g h e r  l a b e l l i n g  
c o n c e n t r a t i o n  ( 7 . 5  pCi m l - 1 , m y o - [ 3 H ] - i n o s i t o l ) ,  t h e  same 
bands were r e c o r d e d  b u t  in  a P I P 2 : P I P : P I  r a t i o  o f  1 : 5 . 6 : 5 9 . 2
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( P I  band c o n t a i n e d  1 2 7 ,2 0 0  cpm).  The v a r i a t i o n  in  t h e  
o b s e rv e d  m o la r  r a t i o s  c o u ld  p o s s i b l y  be a t t r i b u t e d  t o  
e x p e r i m e n t a l  e r r o r  b u t  B e r r i d g e  ( 1 9 8 4 )  s t a t e s  t h a t  t h e  
k i n a s e s  and phosphom onoesterases  t h a t  m a i n t a i n  t h e  dynamic  
e q u i l i b r i u m  between t h e s e  t h r e e  l i p i d s  a r e  some o f  t h e  most  
a c t i v e  in  t h e  (mammalian)  c e l l .  A change i n  any one o f  t h e  
t r i o  w i l l  be r a p i d l y  ' b u f f e r e d ’ by i n t e r c o n v e r s i o n  o f  t h e  
o t h e r  two p a r t i c i p a n t s  (H a w th o rn e  and P i c k a r d ,  1 9 7 9 ) .  I t  
would  seem t h a t  changes i n  t h e  l e v e l s  o f  p h o s p h o i n o s i t i d e s  
o c c u r  c o n s t a n t l y  in  t h e  c e l l  a c c o r d in g  t o  e n v i r o n m e n t a l  
c o n d i t i o n s ,  grow th  s t a g e  and s t i m u l i  which may e x p l a i n  t h e  
d i f f e r e n t  r e s u l t s
W is h in g  t o  exam ine  t h e  l a b e l l i n g  o f  t h e  i n o s i t o l  
p h o s p h o l i p i d s  i n  a more p r e c i s e  manner,  t h e  l i p i d  e x t r a c t s  
o f  l a b e l l e d  y e a s t  c u l t u r e s  w ere  d e a c y l a t e d  a c c o r d i n g  t o  t h e  
method d e s c r i b e d  in  M a t e r i a l s  and Methods 2 . 1 6 .  The e x t r a c t s  
c o u ld  th e n  be a n a ly s e d  by HPLC as d e t a i l e d  i n  M a t e r i a l s  and  
Methods 2 . 1 7 .  B e l i e v i n g  t h e  HPLC a p p a r a t u s  t o  be c a p a b l e  o f  
d e t e c t i n g  lo w e r  c o n c e n t r a t i o n s  o f  p h o s p h o i n o s i t i d e s  th a n  
TLC, i n i t i a l  l a b e l l i n g  w ere  p e r fo r m e d  a t  r e l a t i v e l y  low  
t r a c e r  c o n c e n t r a t i o n s  ( ^ C - i n o s i t o l , 0 . 2 5  p C i ) .  E l u t i o n  o f  
samples f ro m  bo th  m i d - e x p o n e n t i a l  and s t a t i o n a r y  phase c e l l s  
showed o n l y  a s i n g l e  peak c o r r e s p o n d i n g  t o  P I .  
P o l y p h o s p h o i n o s i t i d e  peaks w ere  n o t  p r e s e n t  ( F i g .  3 . 1 5 ) .  A
o
l a b e l l i n g  e x p e r i m e n t  was t h e r e f o r e  p e r fo r m e d  w i t h  m yo- [  H ] -  
i n o s i t o l  a t  a c o n c e n t r a t i o n  o f  20 pCi ml- 1 . The c e l l s  w ere  
grown t o  l a t e  e x p o n e n t i a l / s t a t i o n a r y  phase b e f o r e  t h e y  were  
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F i g .  3 . 1 5 .  E l u t i o n  o f  D e a c y l a t e d  14C - L a b e l l e d  L i p i d  E x t r a c t
A l a t e  e x p o n e n t i a l / s t a t i o n a r y  phase c u l t u r e  o f  s t r a i n  MC3, 
grown i n  t h e  p re se n ce  o f  0 .0 2 5  pCi o f  1 4 C - i n o s i t o l  was 
h a r v e s t e d  by c e n t r i f u g a t i o n  and s u b j e c t e d  t o  a l i p i d  
e x t r a c t i o n .  The e x t r a c t e d  l i p i d s  were d e a c y l a t e d  as 
d e s c r i b e d  i n  Methods and M a t e r i a l s  2 .1 6  and a n a ly s e d  on a 
10pm SAX P a r t i s i l  HPLC co lumn u s in g  t h e  e l u t i o n  reg im e  
d e s c r i b e d  i n  Methods and M a t e r i a l s  2 .1 7 .  Ten m i c r o l i t r e s
o
( 0 . 1  p C i ) o f  s t a n d a r d  H -P IP 2 were t r e a t e d  i n  t h e  same way 
and e l u t e d  as a m a rk e r .
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t h r e e  p e a k s ,  two o f  w h ich  c o r r e s p o n d e d  t o  P I  and P IP  ( F i g .  
3 . 1 6 )  b u t  no P IP2  was p r e s e n t .  The t h i r d  peak e l u t e d  i n  t h e  
p o s i t i o n  o f  PS b u t  was n o t  b e l i e v e d  t o  r e p r e s e n t  t h i s  l i p i d  
and rem a in ed  u n i d e n t i f i e d .  F u r t h e r  d a t a  w ere  n o t  c o n s id e r e d  
e s s e n t i a l  f o r  t h e  p r o g r e s s i o n  o f  t h i s  p a r t  o f  t h e  p r o j e c t  as  
t h e  l a b e l l i n g ,  d e t e c t i o n  and i s o l a t i o n  o f  t h e  i n o s i t o l -  
p h o s p h o l i p i d s  had a l r e a d y  been shown u s in g  TLC.
3 . 7  I n v e s t i g a t i o n  o f  t h e  Work o f  K a ib u c h i  e t  a 7 .  (J986_l
T h e re  was o n l y  one p u b l i s h e d  r e p o r t  o f  t h e  d e t e c t i o n  o f  I P 3 
f ro m  Sacch.  c e r e v i s i a e .  K a ib u c h i  e t  a l .  ( 1 9 8 6 )  s t a t e d  t h a t  
i n c u b a t i o n  o f  y e a s t  a t  v e r y  low ( 0 . 0 2 & w / v )  g lu c o s e  l e v e l s  
l e d  t o  t h e  a r r e s t  o f  t h e  c e l l  c y c l e  a t  t h e  Gq/G-i phase.  
R e a d d i t i o n  o f  g l u c o s e  t o  t h e s e  ' s t a r v e d ’ c e l l s  r e s u l t e d  in  
c e l l  p r o ! i f e r a t i o n . F u r t h e r m o r e ,  p r e i n c u b a t i o n  o f  y e a s t  w i t h
q
[ H ] - i n o s i t o l  and s u b s e q u e n t  e x p o s u r e  t o  g lu c o s e  r e s u l t e d  i n
q q
r a p i d  f o r m a t i o n  o f  [ H ] - i n o s i t o l  monophosphate  and [ H ]~  
i n o s i t o l  t r i s p h o s p h a t e , p re s u m a b ly  d e r i v e d  f ro m  
p h o s p h a t i d y l i n o s i t o l  and p h o s p h a t i d y l i n o s i t o l  b i s p h o s p h a t e .
S in c e  a p p r o p r i a t e  p r o t o c o l s  had n o t  d e m o n s t r a t e d  t h e  
p re s e n c e  o f  I P 3 in  a y e a s t  c e l l  e x t r a c t ,  i t  was d e c id e d  t o  
r e p e a t  as e x a c t l y  as p o s s i b l e  t h e  e x p e r i m e n t s  o f  K a ib u c h i  e t  
a l . ( 1986 )  t o  c o n f i r m  t h e i r  o b s e r v a t i o n s  and p r o v i d e  f u r t h e r  
e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  t h e  second m essenger .  The 
method i s  d e s c r i b e d  in  M a t e r i a l s  and Methods 2 . 1 2  and 
i n v o l v e d  t h e  c o l l e c t i o n  o f  2 s u p e r n a t a n t s ;  t h e  p r i m a r y  













20 30 60 0040
—  Lipid Extract  Button Profile —  Lipid Extract  Elution Profile
F i g .  3 . 1 6 .  E l u t i o n  o f  D e a c y l a t e d  3H - L a b e l l e d  L i p i d  E x t r a c t
S t r a i n  MC3 was grown t o  l a t e  e x p o n e n t i a l  phase i n  t h e
O _ 4
p re se n ce  o f  H - i n o s i t o l  (20 pCi ml ) .  The c e l l s  were 
h a r v e s t e d  by c e n t r i f u g a t i o n  and washed i n  w a t e r  ( 1 0 - 2 0  m l ) ,  
l i p i d s  were e x t r a c t e d  and d e a c y l a t e d  u s in g  t h e  method 
d e s c r i b e d  i n  Methods and M a t e r i a l s  2 .1 6 .  The e x t r a c t  was 
e l u t e d  f ro m  a 10 pm SAX P a r t i s i l  HPLC co lumn u s in g  t h e  
method d e s c r i b e d  i n  Methods and M a t e r i a l s  2 . 1 7 .  A, shows t h e  
who le  p r o f i l e .  B, shows t h e  second h a l f  o f  t h e  p r o f i l e  w h ich  
i s  e f f e c t i v e l y  masked by t h e  huge PI peak .
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t r a c e r  i n o s i t o l  b u t  b e f o r e  s t i m u l a t i o n .  The s e c o n d a ry  
s u p e r n a t a n t  was c o l l e c t e d  a f t e r  g l u c o s e - s t i m u l a t i o n  o f  t h e  
l a b e l l e d  c e l l s  and i t  was in  t h i s  f r a c t i o n  t h a t  t h e  
d e t e c t i o n  o f  r a d i o a c t i v e  i n o s i t o l  phosphates  has been  
r e p o r t e d .
S t r a i n  MC3 was used t h r o u g h o u t  t h e  r e p e a t s  o f  t h e s e  
e x p e r im e n t s  as i t  had a s i m i l a r  g en o type  t o  t h e  s t r a i n  MC13 
(MATa a d e l  i n o 1 - 1 3 ) used by K a ib u c h i  e t  a l .  ( 1 9 8 6 ) .  I n  t h e
i n i t i a l  e x p e r i m e n t ,  c e l l s  w ere  resuspended in  4 ml o f  MM
+ 3ino  medium t o g e t h e r  w i t h  40 p i  o f  m y o - [ 2 -  H ] - i n o s i t o l  +
PT6-271 (1 0  pCi m l- 1 ) and i n c u b a t e d  a t  30 °C f o r  24 hours
w i t h  s h a k in g  ( 1 2 0  RPM). The p e l l e t  was resuspended  in  4 ml
o f  t h e  s t i m u l a t i n g  b u f f e r  ( T r i s / H C l  pH 7 . 0 ,  25 mM g l u c o s e ) ,
and was i n c u b a t e d  f o r  2 hours  a t  30 ° C .  No t r i s p h o s p h a t e  was
d e t e c t e d  in  e i t h e r  s u p e r n a t a n t ,  however a l a r g e  peak was
p r e s e n t  in  t h e  " lo w e r  pho spha te"  window o f  b o th  p r o f i l e s
( F i g .  3 . 1 7 ) .  A r e p e a t  e x p e r i m e n t  was p e r fo rm e d  w i t h  t h e
i n t e n t i o n  o f  making a f u l l e r  i n v e s t i g a t i o n  o f  t h e
r a d i o a c t i v i t y  c o n t e n t  o f  t h e  s u p e r n a t a n t s .  The a im was t o
d e t e r m in e  w h e t h e r  GPI o r  I P 2 was c o n t r i b u t i n g  t h e  most t o
t h e  lo w e r  ph o sp h a te  pea k .  I P 2 can be produced f ro m  t h e
breakdown o f  I P 3 by ph o s p h a ta s e  a c t i v i t y  o r  f ro m  P IP  by PLC
a c t i v i t y ,  so an abundance o f  t h e  b is p h o s p h a t e  m ig h t  have
i n d i c a t e d  r a p i d  I P 3 p r o d u c t i o n  and sub seque nt  d e g r a d a t i o n .
GPI i s  p roduced d i r e c t l y  f ro m  t h e  d e a c y l a t i o n  o f  P I  by 
p h o s p h o i ip a s e  A and i t s  p re s e n c e  in  h ig h  c o n c e n t r a t i o n s  ( i n  
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F i g .  3 . 1 7 .  E l u t i o n  o f  S u p e r n a t a n t s  f rom  G lucose  S t i m u l a t e d  
P I P 2 H y d r o l y s i s  E x p e r im e n t
The p r i m a r y  and s e co n d a ry  s u p e r n a t a n t s  f r o m  a r e p e a t  o f  t h e  
e x p e r i m e n t  o f  K a ib u c h i  e t  a l .  (1986 )  were c o l l e c t e d  as 
d e s c r i b e d  i n  t h e  t e x t  and e l u t e d  f ro m  Dowex a n io n  exchange
q
co lu m n s .  [ H ] - i n o s i t o l  was removed by w ash ing  t h e  column 
w i t h  w a t e r  and t h e  lo w e r  i n o s i t o l  p h osp h a te s  (GPI ,  IP-j and 
I P 2 ) were e l u t e d  t o g e t h e r  t o  c l e a r  t h e  co lum n .  H ig h e r  
i n o s i t o l  p h o sp h a te s  were e l u t e d  w i t h  i n c r e a s i n g  
c o n c e n t r a t i o n s  o f  ammonium f o r m a t e / f o r m i c  a c i d .
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t u r n o v e r  as seen in  mammalian c e l l s  was n o t  o c c u r r i n g  in  
y e a s t .  The r e p e a t  i n v o l v e d  a s l i g h t  change i n  t h e  
m e th o d o lo g y ,  t o  r e p r e s e n t  more a c c u r a t e l y  t h e  method o f  
K a ib u c h i  e t  a l .  ( 1 9 8 6 )  -  h a v in g  removed t h e  p r i m a r y  
s u p e r n a t a n t ,  t h e  p e l l e t  was resuspended and i n c u b a t e d  i n  
T r i s / H C l  pH 7 . 0  w i t h o u t  g l u c o s e .  A f t e r  2 h o u rs ,  a g l u c o s e  
s t i m u l u s  was i n t r o d u c e d  ( f i n a l  c o n c e n t r a t i o n  25 mM) and  
r e a c t i o n s  w ere  h a l t e d  by b o i l i n g  45 m in u te s  l a t e r .  The  
s e c o n d a r y  s u p e r n a t a n t  was c o l l e c t e d  as b e f o r e ,  and bo th  
s u p e r n a t a n t s  were e l u t e d  f ro m  Dowex a n io n  exchange  co lum ns .
The a n a l y s i s  o f  t h e  p r i m a r y  s u p e r n a t a n t  gave an u n e x p e c t e d  
r e s u l t  ( F i g .  3 . 1 8 ) .  The p r o f i l e  showed peaks c o r r e s p o n d i n g  
t o  f r e e  i n o s i t o l ,  G P I ,  IP-j and I P 2 . I t  had been assumed t h a t  
[ 3H ] - i n o s i t o l  and [ 3H ] - G P I  would  be p r e s e n t  i n  t h i s  f r a c t i o n  
( s e e  R e s u l t s  3 . 5 ) ,  b u t  t h e  a p p e a ra n c e  o f  IP-j and I P 2 c o u ld  
n o t  be acc o u n te d  f o r .  Even i f  a c t i v e  t u r n o v e r  had been  
o c c u r r i n g  d u r i n g  t h e  24 hour  i n c u b a t i o n  p e r i o d ,  t h e  p r e s e n c e  
o f  w a t e r - s o l u b l e  i n t e r m e d i a t e s  o u t s i d e  t h e  c e l l s  i n  t h e  
medium was u n e x p e c te d .  I t  was proposed t h a t  i n  a r e p e a t  
e x p e r i m e n t ,  t h e  c e l l  h a r v e s t  a t  t h i s  s t a g e  c o u ld  be 
p e r fo r m e d  by f i l t r a t i o n  t o  a v o id  p o s s i b l e  damage t o  t h e  
y e a s t s .
The e l u t i o n  p r o f i l e  o f  t h e  s e c o n d a ry  s u p e r n a t a n t  was 
d o m in a te d  by a pronounced and u n e xp ec ted  peak in  t h e  IP-| 
p o s i t i o n .  T h e re  was no e v i d e n c e  o f  an I P 3  p e a k ,  b u t  v e r y  
s m a l l  G P I  and I P 2 peaks  were p r e s e n t .  The I P 2  peak was 
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F i g .  3 . 1 8 .  E l u t i o n  o f  P r im a r y  S u p e r n a t a n t  f rom  G lucose  
S t i m u l a t e d  P I P 2 H y d r o l y s i s  E x p e r im e n t
C e l l s  were grown t o  m i d - e x p o n e n t i a l  phase and h a r v e s t e d  by 
c e n t r i f u g a t i o n .  The p e l l e t  was resuspended  i n  MM i n o + (4 m l )
Q — 1w i t h  m y o - [ 2 -  H ] - i n o s i t o l  (10 pCi ml ) and i n c u b a te d  f o r  24 
h a t  30 °C. The c e l l s  was h a r v e s t e d  by c e n t r i f u g a t i o n  and 
t h e  s u p e r n a t a n t  e l u t e d  f ro m  a Dowex a n io n  exchange co lumn 
w i t h  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  ammonium f o r m a t e / f o r m a t e  
a c i d .  F r a c t i o n s  (2 m l )  were c o l l e c t e d  and m ixed w i t h  
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F i g .  3 . 1 9 .  E l u t i o n  o f  Secondary S u p e r n a t a n t s  f rom  Glucose  
S t i m u l a t e d  P I P 2 H y d r o l y s i s  E x p er im en ts
Secondary  s u p e r n a t a n t s  were o b t a in e d  f ro m  r e p e a t s  o f  t h e  
e x p e r im e n t s  f i r s t  p e r fo rm e d  by K a ib u c h i  e t  a l . (1 986 )  a f t e r  
h a l t i n g  r e a c t i o n s  by b o i l i n g  t h e  samples f o r  2 m in .  The 
s u p e r n a t a n t s  were removed a f t e r  c e n t r i f u g a t i o n  o f  th e  
m i x t u r e s  and e l u t e d  f r o m  Dowex a n io n  exchange co lumns u s in g  
i n c r e a s i n g  c o n c e n t r a t i o n s  o f  ammonium f o r m a t e / f o r m i c  a c i d .  
F r a c t i o n s  (2 m l )  were c o l l e c t e d  and mixed w i t h  O p t ip h a s e  
' S a f e ’ ( 8  m l )  f o r  d e t e c t i o n  by s c i n t i l l a t i o n  c o u n t i n g .
118
c o u ld  be seen i f  t h e  IP-j peak was removed ( d a t a  n o t  shown) .  
The d e t e c t i o n  o f  t h e  monophosphate peak c o r r e s p o n d e d  w i t h  
t h e  o b s e r v a t i o n s  o f  K a ib u c h i  e t  a l . ( 1 9 8 6 )  b u t  t h e  
c o n c o m i t a n t  t r i s p h o s p h a t e  peak was n o t  p r e s e n t .  I t  was 
c o n s id e r e d  p o s s i b l e  t h a t  any I P 3 produced had a l r e a d y  been  
deg raded  by p h o sp h a tase  a c t i v i t y .  A c c o r d in g  t o  t h e  so u rc e  
pap er  h ow ever ,  t h i s  does n o t  o b t a i n .  T r i t i a t e d  I P 3 was shown 
t o  have have reac h ed  i t s  maximum c o n c e n t r a t i o n  a f t e r  30 
m i n , b u t  no s i g n  o f  d e g r a d a t i o n  was r e p o r t e d  even a f t e r  60 
m in u te s  p o s t - s t i m u l a t i o n .  No I P 2 d e t e c t i o n  was r e p o r t e d  in  
t h e  o r i g i n a l  r e f e r e n c e  w h ich  a l s o  a rgue d  a g a i n s t  t h e  
a c t i v i t y  o f  a ph o s p h a ta s e  pathway  ( K a i b u c h i  e t  a l . ,  1 9 8 6 ) .
A r e p e a t  o f  t h i s  e x p e r i m e n t  c o n f i r m e d  t h e  p r o d u c t i o n  o f  t h e  
o b s erved  p e a k s ,  and s o n i c a t i o n  was p e r fo r m e d  on t h e  p e l l e t  
p r i o r  t o  removal o f  t h e  s e c o n d a r y  s u p e r n a t a n t  i n  an a t t e m p t  
t o  enhance r a d i o a c t i v i t y  r e c o v e r y .  A p a r t  f ro m  t h e  i n c l u s i o n  
o f  h a r v e s t  by f i l t r a t i o n  a f t e r  t h e  24 hour  i n c u b a t i o n ,  and 
s o n i c a t i o n  ( A m p l i t u d e  10 pM, 10 m in )  o f  t h e  s u s p e n s io n  p o s t ­
b o i l i n g ,  t h e  m ethodo logy  rem ained  t h e  same. Compared t o  t h e  
p r e v i o u s  e x p e r i m e n t ,  s i m i l a r  peaks were d e t e c t e d  in  t h e  
p r i m a r y  s u p e r n a t a n t ,  and an a l m o s t  i d e n t i c a l  sec o n d a ry  
s u p e r n a t a n t  e l u t i o n  p r o f i l e  was r e c o r d e d  ( F i g .  3 . 1 9 )  
a l t h o u g h  t h e  t o t a l  r a d i o a c t i v i t y  co u n ts  r e c o v e r e d  was 
s l i g h t l y  l e s s .  I t  was d e c id e d  t o  r e - e x a m i n e  t h e  t r a c e r  
m a t e r i a l  in  o r d e r  t o  e x p l a i n  t h e  p re s e n c e  o f  lo w e r  i n o s i t o l  
peaks in  t h e  p r i m a r y  s u p e r n a t a n t .  Peaks w ere  r e c o r d e d  i n  t h e  
p o s i t i o n s  o f  G P I , IP-j and I P 2 . I t  was n o t  known i f  t h e  PT6-  
271 p o ly m e r  had o n l y  a l i m i t e d  p e r i o d  o f  a c t i v i t y  o r  i f  t h e  
i m p u r i t y  b u i l d - u p  had exceeded  i t s  a b s o r p t i o n  l i m i t s ,  b u t
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c o n t a m i n a n t  peaks  w ere  p r e s e n t  i n  t h e  t r a c e r  ( F i g .  3 . 2 0 ) .  By 
s u b t r a c t i n g  t h e  a p p r o p r i a t e l y  c o r r e c t e d  'b a c k g ro u n d *  c o u n ts ,  
i t  was p o s s i b l e  t o  a s s i g n  t h e  p r i m a r y  s u p e r n a t a n t  IP-j and 
I P 2 c o u n ts  t o  t h e  d e c o m p o s i t io n  p r o d u c t s .  The GPI peak  
h o w e v e r ,  was much g r e a t e r  th a n  t h e  c o n t a m i n a n t  l e v e l  and 
c o u ld  t h e r e f o r e  be a t t r i b u t e d  t o  g e n u in e  m e ta b o l is m  by t h e  
y e a s t  c e l l s .  I n  summary, IP-j and I P 2 had n o t  been r e c o v e r e d  
f ro m  t h e  p r i m a r y  s u p e r n a t a n t  b u t  t h e  peaks w ere  d e r i v e d  f ro m  
r a d i o l y t i c  d e c o m p o s i t i o n  p r o d u c t s  t h a t  e l u t e d  w i t h  t h e  same 
r e t e n t i o n  p r o p e r t i e s .
The p r o f i l e s  o b t a i n e d  f ro m  t h e  s e c o n d a ry  s u p e r n a t a n t s  c o u ld  
n o t  be e x p l a i n e d  c o m p l e t e l y  by t h e  p r e s e n c e  o f  c o n t a m i n a n t s .  
The monophosphate  peaks w ere  much t o o  l a r g e  t o  be com pr ised  
s o l e l y  o f  ' b a c k g ro u n d *  r a d i o a c t i v i t y  and i n d i c a t e d  t h a t  some 
k i n d  o f  t u r n o v e r  had o c c u r r e d .  No e v i d e n c e  o f  a 
t r i s p h o s p h a t e  peak had been seen and as such ,  t h e  
o b s e r v a t i o n s  o f  K a ib u c h i  e t  a l . ( 1 9 8 6 )  c o u ld  n o t  be 
r e p e a t e d .
To e l i m i n a t e  t h e  p r o b le m  o f  c o n t a m i n a t i n g  s p e c i e s ,  R e ­
l a b e l l e d  i n o s i t o l  was used as t h e  r a d i o a c t i v e  t r a c e r .  A 
c u l t u r e  was grown t o  a c e l l  d e n s i t y  o f  1 . 8 2  x 107 c e l l s  m l -1  
t h e n  h a r v e s t e d  by c e n t r i f u g a t i o n .  The washed p e l l e t  was 
resus pende d  i n  100 ml o f  MM i n o ” w i t h  10 p i  ( 0 . 2 5  p C i )  o f  
R c - l a b e l l e d  i n o s i t o l  and in c u b a t e d  a t  25 °C  f o r  24 h o u rs .  
The use o f  MM i n o ” medium a t  t h i s  s t a g e  was an a t t e m p t  t o  
in d u c e  maximal  t r a c e r  u p t a k e  by o f f e r i n g  ^ C - i n o s i t o l  as t h e  
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F i g .  3 . 2 0 .  E l u t i o n  o f  M y o - [ 2 - 3H ] - I n o s i t o l  f rom  a Dowex Anion  
Exchange Column
One m i c r o l i t r e  (1 p C i ) o f  t h e  i n o s i t o l  t r a c e r  (+ PT6-271)  
was d i l u t e d  i n  d i s t i l l e d  w a te r  ( 2  m l )  and e l u t e d  f ro m  a 
Dowex a n io n  exchange  c h ro m a to g ra p h y  co lumn (1 m l )  u s in g  
i n c r e a s i n g  c o n c e n t r a t i o n s  o f  ammonium f o r m a t e / f o r m i c  a c i d .  
F r a c t i o n s  (2 m l )  were c o l l e c t e d  m a n u a l ly  and m ixed w i t h  
O p t ip h a s e  ' S a f e ’ ( 8  m l )  f o r  d e t e c t i o n  by l i q u i d  
s c i n t i l l a t i o n  c o u n t i n g .  Peaks d e t e c t e d  i n  t h e  p r o f i l e  
appeared  i n  t h e  p o s i t i o n s  o f  G P I , IP-j and I P 2 .
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p r i m a r y  s u p e r n a t a n t  removed and t h e  p e l l e t  resuspended in  
t h e  ' s t a r v a t i o n ’ b u f f e r  (9  m l ) .  The T r i s / H C l  b u f f e r  had been 
s l i g h t l y  m o d i f i e d  t o  d u p l i c a t e  t h a t  o f  K a ib u c h i  e t  a l . 
( 1 9 8 6 ) .  D e s c r i b e d  as 'MES b u f f e r ’ , i t  co m p r ised  MES and T r i s  
a t  bo th  0 .1  M w h ic h  was th e n  a d j u s t e d  t o  pH 6 . 5 .  The m i x t u r e  
was i n c u b a t e d  f o r  2 ho u rs  b e f o r e  1 ml o f  g lu c o s e  s o l u t i o n  
was added t o  a f i n a l  c o n c e n t r a t i o n  o f  25 mM. R e a c t io n s  were  
h a l t e d  45 min l a t e r  by i n c u b a t i n g  t h e  sample  a t  100 °C f o r  2 
m in ,  t h e  y e a s t  c e l l s  w ere  p e l l e t e d  by c e n t r i f u g a t i o n  and 
r a d i o a c t i v i t y  was e x t r a c t e d  f ro m  t h e  p e l l e t  u s in g  t h e  B l i g h  
and Dyer  ( 1 9 5 9 )  t e c h n i q u e .  T h i s  was c o n s id e r e d  t o  be a more 
e x h a u s t i v e  e x t r a c t i o n  p r o c e d u r e  th a n  t h a t  p r e v i o u s l y  used 
and e n s u r e d  t h a t  any r a d i o a c t i v i t y  r e c o v e r e d  was d e r i v e d  
o n l y  f ro m  t h e  p e l l e t  m a t e r i a l .  E l u t i o n  o f  t h e  aqueous phase  
f ro m  Dowex a n io n  exchange  columns showed o n l y  a background  
r a d i o a c t i v i t y  t r a c e .  I t  was n o t  known i f  t h e  l e v e l  o f  
r a d i o a c t i v i t y  i n  t h e  medium had been t o o  low f o r  a d e q u a te  
i n c o r p o r a t i o n  o r  t h e  g ro w th  c o n d i t i o n s  had been l i m i t i n g ,  
b u t  no e v i d e n c e  o f  m e t a b o l is m  was r e c o r d e d .  A n a l y s i s  o f  t h e  
p r i m a r y  and s e c o n d a r y  s u p e r n a t a n t s  i n d i c a t e d  t h a t  
r a d i o a c t i v i t y  had been t a k e n  up and m e t a b o l i z e d .  The p r i m a r y  
s u p e r n a t a n t  showed i n o s i t o l  and GPI p ea ks ,  and no o t h e r  
compounds. The s e c o n d a r y  s u p e r n a t a n t ,  wh ich  had been removed 
p r i o r  t o  t h e  e x t r a c t i o n  p r o c e d u r e  produced a p r o f i l e  
c o n t a i n i n g  t h r e e  p e a k s .  These u n e x p e c t e d l y  e l u t e d  in  t h e  
p o s i t i o n s  o f  G P I ,  IP-j and I P 2 ( F i g .  3 . 2 1 ) .
The p r i m a  f a c i e  e v i d e n c e  s u g g e s te d  t h a t  a c t u a l  u p t a k e  and 









0 10 20 30 40 50 00
Fraction Number 
—  Elution Gradient Secondary an
F i g .  3 . 2 1 .  A n a l y s i s  o f  Secondary S u p e r n a t a n t  f rom  G lucose  
S t i m u l a t e d  I n o s i t o l  T u r n o v e r  E x p er im en t
The s e c o n d a ry  s u p e r n a t a n t  f r o m  a g l u c o s e - s t i m u l a t e d  
h y d r o l y s i s  o f  P IP 2 e x p e r i m e n t  was c o l l e c t e d  f o l l o w i n g  
c e n t r i f u g a t i o n ,  and e l u t e d  f ro m  a 10 pm SAX P a r t i s i l  HPLC 
column u s in g  t h e  method o f  B a t t y  e t  a l . ( 1985, 1989) .  
F r a c t i o n s  (2  m l )  were  c o l l e c t e d  and mixed w i t h  O p t ip h a s e  
' S a f e ’ ( 8  m l )  f o r  l i q u i d  s c i n t i l l a t i o n  c o u n t i n g .  S i n g l e  
peaks were r e c o rd e d  i n  t h e  p o s i t i o n s  o f  GPI and IP-j . The I P 2 
e l u t i o n  window shows 2 s m a l l  peaks -  i n d i c a t i n g  2 i s o m e rs .
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t h i s  e x p e r i m e n t  was p e r fo r m e d  u s in g  a h i g h e r  l a b e l l i n g  
c o n c e n t r a t i o n  ( 0 . 6 2 5  pCi in  4 ml o f  MM i n o + ) .  MM i n o + medium 
was used t o  e n s u r e  t h a t  t h e  medium was n o t  l i m i t i n g .  
H a r v e s t i n g  and t r e a t m e n t  o f  t h e  c e l l s  was p e r fo r m e d  as  
d e s c r i b e d  in  t h e  p r e v i o u s  e x p e r i m e n t .  E l u t i o n  o f  t h e  aqueous  
phase f ro m  Dowex a n io n  exchange  r e s i n  showed t h e  p r e s e n c e  o f  
peaks c o r r e s p o n d i n g  t o  G P I ,  I P - j  and I P 2  ( F i g .  3 . 2 2 ) .  The  
i d e n t i t i e s  o f  t h e  peaks were  c o n f i r m e d  by r e p e t i t i o n  and 
p r o v i d e d  e v i d e n c e  f o r  g e n u in e  i n o s i t o l  t u r n o v e r  in  y e a s t  
c e l l s .  The p r o f i l e  d i d  n o t  show a t r i s p h o s p h a t e  peak however  
so no e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  t h e  second messenger  
c o u ld  be p r o v i d e d .  A n a l y s i s  o f  t h e  p r i m a r y  and sec o n d a ry  
s u p e r n a t a n t s  showed ' e x p e c t e d *  p r o f i l e s  o f  i n o s i t o l  and G P I ,  
and i n o s i t o l ,  G P I ,  I P - j  and I P 2 r e s p e c t i v e l y  ( d a t a  n o t  
shown) .
A f r e s h  b a tc h  o f  m y o - [ 2 - 3H ] - i n o s i t o l  + PT6-271  was o b t a i n e d  
and a s e r i e s  o f  l a b e l l i n g  e x p e r i m e n t s  were p e r fo r m e d  a t  a 
r a d i o a c t i v i t y  c o n c e n t r a t i o n  o f  20 pCi m l- 1 . P r e v i o u s  
g l u c o s e - s t i m u l a t e d  t u r n o v e r  e x p e r im e n t s  had o n l y  been  
p e r fo r m e d  a t  a maximum r a d i o a c t i v i t y  c o n c e n t r a t i o n  o f  10 pCi  
m l-1 and i t  was c o n s i d e r e d  p o s s s i b l e  t h a t  i n o s i t o l  
t r i s p h o s p h a t e  was n o t  d e t e c t a b l e  a t  t h i s  l e v e l .  A 
c o n c e n t r a t i o n  o f  20 pCi ml~ 1 was s e l e c t e d  t o  mimic e x a c t l y  
t h e  c o n d i t i o n s  o f  K a ib u c h i  e t  a 7. ( 1 9 8 6 ) .
C e l l s  ( 2  ml f ro m  100 m l )  were  suspended in  2 ml o f  a m in im a l  
medium ( y e a s t  n i t r o g e n  b as e ,  0 .67%  w /v ;  D - g l u c o s e ,  4% w /v ;
q
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F i g .  3 . 2 2 .  E l u t i o n  o f  Aqueous Phases f rom  E x t r a c t s  o f  
Glucose S t i m u l a t e d  I n o s i t o l  T u r n o v e r  E x p e r im e n ts
F o l l o w i n g  remova l  o f  t h e  s e co nd a ry  s u p e r n a t a n t ,  c e l l s  were 
washed i n  d i s t i l l e d  w a t e r  and r a d i o a c t i v i t y  was e x t r a c t e d  by 
t h e  method o f  B l i g h  and Dyer ( 1 9 5 9 ) .  Aqueous e x t r a c t s  were 
e l u t e d  f ro m  Dowex a n io n  exchange r e s i n  u s in g  i n c r e a s i n g  
c o n c e n t r a t i o n s  o f  ammonium f o r m a t e .  F r a c t i o n s  (2 m l )  were 
c o l l e c t e d  and m ixed  w i t h  O p t ip h a s e  'S a fe *  ( 8  m l )  f o r  l i q u i d  
s c i n t i l l a t i o n  c o u n t i n g .  In  r e p e a t  e x p e r i m e n t s ,  peaks 
c o r r e s p o n d i  ng t o  G P I ,  IP-j and I P 2 were d e t e c t e d .
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i n c u b a t e d  f o r  24 hours  a t  37 ° C .  An e l e v a t e d  t e m p e r a t u r e  was 
used i n  an a t t e m p t  t o  enhance p o t e n t i a l l y  o c c u r r i n g  t u r n o v e r  
o f  t h e  t r a n s d u c t i o n  sys tem .  S u b s e q u e n t ly ,  i t  has been shown 
t h a t  n o n - t e m p e r a t u r e - s e n s i t i v e  s t r a i n s  show a h i g h e r  l e v e l  
o f  re s p o n s e  t o  s t i m u l a t i o n  a t  t h i s  t e m p e r a t u r e  (H a w k in s ,  P . ,  
1992;  p e r s .  comm.) .  A p a r a l l e l  c u l t u r e  showed an i n c r e a s e  in  
o p t i c a l  d e n s i t y  a t  600 nm f ro m  0 . 1 0 5  t o  0 . 5 3 0  (1 i n  10 
d i l u t i o n ) ,  i n d i c a t i n g  t h a t  t h e  c e l l s  had been p r o l i t e r a t i n g .  
The c e l l s  were h a r v e s t e d  and washed as d e s c r i b e d  abo ve ,  t h e  
s u p e r n a t a n t s  were p o o le d  ( p r i m a r y  s u p e r n a t a n t )  and t h e  
p e l l e t  was resuspended i n  MES b u f f e r  (2  m l ) .  T h i s  was 
i n c u b a t e d  a t  30 °C f o r  2 h when t h e  s u s p en s io n  was 
r e h a r v e s t e d ,  washed i n  d i s t i l l e d  w a t e r  and resuspended  in  
f r e s h  b u f f e r  (4  m l ) .  The s u p e r n a t a n t s  were p o o le d  as t h e  
s e c o n d a r y  s u p e r n a t a n t .  The c e l l  susp en s io n  was s p l i t  i n t o  2 
x 2 ml p o r t i o n s ,  one o f  w h ich  was s t i m u l a t e d  by t h e  a d d i t i o n  
o f  g l u c o s e  a t  a f i n a l  c o n c e n t r a t i o n  o f  25 mM. Samples (1 m l )  
were  i m m e d i a t e l y  t a k e n  f ro m  both  t h e  s t i m u l a t e d  and 
u n s t i m u l a t e d  c e l l s ,  and r e a c t i o n s  were h a l t e d  by t h e  
a d d i t i o n  o f  i c e - c o l d  m e t h a n o l : c h l o r o f o r m  ( 2 : 1  v / v ) .  The  
r e m a i n in g  c e l l  s u s p e n s io n s  w ere  in c u b a te d  a t  30 °C f o r  a 
f u r t h e r  45 m in ,  th e n  t h e  r e a c t i o n s  were h a l t e d  as above .  
F o l l o w i n g  i n c u b a t i o n  on i c e  f o r  10 min, c e l l s  w ere  h a r v e s t e d  
by c e n t r i f u g a t i o n  i n  m i c r o c e n t r i f u g e  tu b e s  and t e r t i a r y  
s u p e r n a t a n t s  removed.  R a d i o a c t i v e  m e t a b o l i t e s  were  e x t r a c t e d  
by t h e  method o f  B l i g h  and Dyer  ( 1 9 5 9 ) ;  e x t r a c t s  w ere  p o o le d  
w i t h  t h e  t e r t i a r y  s u p e r n a t a n t  and t h e  upper— aqueous l a y e r s  
w ere  a n a ly s e d  by column c h r o m a t o g r a p h y .
126
The r e s u l t  ( F i g .  3 . 2 3 )  showed t h a t  in  both  e x t r a c t s  f rom  t h e  
s t i m u l a t e d  c e l l s ,  peaks in  t h e  p o s i t i o n s  o f  i n o s i t o l  and GPI  
w ere  d e t e c t e d .  The i n o s i t o l  peak showed a marked d e c r e a s e  in  
m a g n i tu d e  d u r i n g  t h e  i n c u b a t i o n  p e r i o d  w hereas  t h e  GPI peak  
showed a c o i n c i d e n t  i n c r e a s e .  T h i s  r e s u l t  s u g g e s te d  t h a t  
t u r n o v e r  had o c c u r r e d  w i t h i n  t h e  c e l l ,  b u t  t h a t  t h e
p h o s p h o l i p i d  i n v o l v e d  was P I .  No e v i d e n c e  o f  peaks
c o r r e s p o n d i n g  t o  t h e  i n o s i t o l  p h o sp h a tes  was p r e s e n t .  I n  t h e  
e x t r a c t s  f ro m  t h e  n o n - s t i m u l a t e d  c e l l s ,  o n l y  an i n o s i t o l  
peak was p r e s e n t  a t  t i m e  z e r o ,  b u t  peaks in  t h e  p o s i t i o n s  o f  
i n o s i t o l  and GPI w ere  d e t e c t a b l e  a f t e r  45 m in .  A s l i g h t
d e c r e a s e  in  t h e  m a g n i tu d e  o f  t h e  i n o s i t o l  peak c o u ld  be
measured b u t  t h e  most p r o m i n e n t  f e a t u r e  o f  t h e  p r o f i l e  was 
t h e  p r o d u c t i o n  o f  a GPI peak t o  t h e  same e x t e n t  as in  t h e  
s t i m u l a t e d  c e l l s .  T h i s  s u g g e s te d  t h a t  e x a c t l y  t h e  same 
t u r n o v e r  o f  i n o s i t o l  p h o s p h o l i p i d s  had o c c u r r e d  in  t h e  y e a s t  
c e l l s  i r r e s p e c t i v e  o f  t h e  p re s e n c e  o f  g lu c o s e .  No lo w e r  
ph o sp h a te  peaks w ere  p r e s e n t  in  any o f  t h e  e x t r a c t  p r o f i l e s ,  
w hich  r e f u t e d  t h e o r i e s  o f  low r a d i o a c t i v i t y  c o n c e n t r a t i o n  
b e in g  t h e  cause  o f  n o n - d e t e c t i o n .  Lower i n o s i t o l  phosphate  
peaks were r e c o r d e d  i n  t h e  e x p e r im e n t s  p e r fo r m e d  w i t h  R e ­
l a b e l l e d  i n o s i t o l  a t  much l o w e r  c o n c e n t r a t i o n s .  A n a l y s i s  o f  
both  t h e  p r i m a r y  and s e c o n d a r y  s u p e r n a t a n t s  by HPLC column
q
ch ro m a to g ra p h y  showed t h e  p r e s e n c e  o f  both  [ H ] - i n o s i t o l  and
q
[ H ] - G P I  peaks ( d a t a  n o t  sho w n) .  T h i s  was an e x p e c t e d  r e s u l t  
( R e s u l t s  3 . 5 )  and gave e v i d e n c e  f o r  a c t i v e  m e ta b o l is m  in  t h e  
c e l l s ,  and f o r  t h e  absence  o f  r a d i o l y t i c  breakdown p r o d u c t s .  
The s i m i l a r i t y  o f  t h e  p r o f i l e s  r e c o rd e d  in  t h e  p r i m a r y  
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F i g .  3 . 2 3 .  A n a l y s i s  o f  E x t r a c t s  f rom  S t i m u l a t e d  and Non-  
S t i m u l a t e d  C e l l s  a f t e r  G lucose  S t i m u l a t i o n
q — 1C e l l s  grown i n  t h e  p re s e n c e  o f  [ H ] - i n o s i t o l  (20 pCi ml ) 
were s t a r v e d  by r e s u s p e n s io n  i n  MES b u f f e r  f o r  2 h o u rs .  A 
p o r t i o n  was s t i m u l a t e d  by t h e  a d d i t i o n  o f  g lu c o s e  (25 mM) 
and samples  were  ta k e n  o v e r  45 m in .  R e a c t io n s  were  h a l t e d  
w i t h  MeOH:CHCl3  and r a d i o a c t i v i t y  was e x t r a c t e d  v i a  t h e  
B l i g h  and Dyer (1 9 5 9 )  method.  E x t r a c t s  were e l u t e d  f ro m  HPLC 
a n io n  exchange co lum ns and f r a c t i o n s  ( 2  m l )  were c o u n te d  i n  
O p t ip h a s e  ' S a f e ’ ( 8  m l ) .  A : -  S t i m u l a t e d ,  B : -  N o n - S t i m u l a t e d .
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s l i g h t  m o d i f i c a t i o n  o f  t h e  assay  m e th o d o lo g y .  Concern  was 
e x p r e s s e d  a b o u t  t h e  p r o p o r t i o n  o f  r a d i o a c t i v i t y  d e r i v e d  f ro m  
t h e  t e r t i a r y  s u p e r n a t a n t  t h a t  was a n a ly s e d  w i t h  t h e  c e l l  
e x t r a c t .  A r e p e a t  e x p e r im e n t  was p e r f o r m e d ,  b u t  t h e  
s t i m u l a t e d  and n o n - s t i m u l a t e d  c e l l s  were h a r v e s t e d  by 
c e n t r i f u g a t i o n  b e f o r e  r e a c t i o n s  w ere  h a l t e d  by r e s u s p e n s i o n  
i n  m e t h a n o l : c h l o r o f o r m  ( 2 : 1  v / v ) .  I n  t h i s  way a s e p a r a t e  
t e r t i a r y  s u p e r n a t a n t  was r e c o v e r e d  f rom  t h e  t u r n o v e r  
e x p e r i m e n t  sam ples  f o r  in d e p e n d e n t  a n a l y s i s .  The p r e v i o u s l y  
seen i n c r e a s e  i n  GPI may s i m p l y  have been a r e s u l t  o f  c e l l  
m e ta b o l is m  as P I  was d e a c y l a t e d  and l o s t  t o  t h e  medium, and  
n o t  g l u c o s e - s t i m u l a t e d  t u r n o v e r  w i t h i n  t h e  c e l l .  I s o l a t i o n  
o f  t h e  r e a c t i o n  b u f f e r  removed t h i s  f a c t o r  f ro m  t h e  f i n a l  
r e s u l t .
The e l u t i o n  o f  e x t r a c t s  f ro m  bo th  s t i m u l a t e d  and non­
s t i m u l a t e d  c e l l s  in  t h e  absence  o f  t h e  t e r t i a r y  s u p e r n a t a n t  
f ro m  HPLC columns gave a v e r y  d i f f e r e n t  r e s u l t  ( F i g .  3 . 2 4 ) .  
A l l  f o u r  e x t r a c t s  showed t h e  p re s e n c e  o f  an i n o s i t o l  p e a k ,  
w hich  d e c re a s e d  in  m a g n i tu d e  s l i g h t l y  when g l u c o s e -  
s t i m u l a t e d ,  b u t  rem ained  c o n s t a n t  in  th e  n o n - s t i m u l a t e d  
c e l l s .  I n  t h e  s t i m u l a t e d  s a m p le s ,  an a r e a  o f  s l i g h t l y  
e l e v a t e d  c o u n ts  was p r e s e n t  in  t h e  v i c i n i t y  o f  GPI and I P i . 
No d i s t i n c t  peaks were d i s c e r n i b l e  and t h e  l e v e l s  d i d  n o t  
seem t o  a l t e r  w i t h  t i m e .  I t  a p p eared  as i f  t h e  m a j o r i t y  o f  
r a d i o a c t i v i t y  d e t e c t e d  in  t h e  p r e v i o u s  e x p e r i m e n t  had been  
d e r i v e d  f rom  t h e  t e r t i a r y  s u p e r n a t a n t s ,  and t h e r e  was no 
e v i d e n c e  f o r  i n o s i t o l - p h o s p h o l i p i d  t u r n o v e r  w i t h i n  t h e  c e l l .  
The a n a l y s i s  o f  t h e  t e r t i a r y  s u p e r n a t a n t s  c o n f i r m e d  t h e
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F i g .  3 . 2 4 .  E l u t i o n  o f  C e l l  E x t r a c t s  f rom  G lucose  Induced  
P I P 2 T u r n o v e r  E x p e r im e n ts  w i t h o u t  T e r t i a r y  S u p e r n a t a n t
C e l l s  were l a b e l l e d  and t r e a t e d  i n  t h e  same manner as 
d e s c r i b e d  f o r  F i g .  3 .2 3 .  P r i o r  t o  e x t r a c t i o n  o f  
r a d i o a c t i v i t y ,  t h e  c e l l s  were h a r v e s t e d  by c e n t r i f u g a t i o n  
and t h e  t e r t i a r y  s u p e r n a t a n t  removed. E x t r a c t s  were e l u t e d  
f ro m  a 10 pm SAX HPLC co lumn u s in g  a l i n e a r  g r a d i e n t  o f  0 -  
100% NH4 H2 PO4  ( 1 . 4  M).  F r a c t i o n s  (2 m l )  were c o l l e c t e d  and 
mixed w i t h  O p t ip h a s e  ' S a f e ’ ( 8  m l )  f o r  l i q u i d  s c i n t i l l a t i o n  
c o u n t i  n g .
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o b s e r v a t i o n  ( F i g .  3 . 2 5 )  -  i n o s i t o l  and GPI peaks were  
d e t e c t e d  i n  b o th  t h e  e x t r a c t s  o f  s t i m u l a t e d  and non­
s t i m u l a t e d  c e l l s .  I n  t h e  s t i m u l a t e d  c e l l s ,  a d e c r e a s e  in  
i n o s i t o l  c o n c e n t r a t i o n  was c o u p le d  w i t h  an i n c r e a s e  in  GPI  
c o n c e n t r a t i o n  w i t h  t i m e .  The o p p o s i t e  e f f e c t  was seen i n  t h e  
n o n - s t i m u l a t e d  c e l l s .  A l t h o u g h  t h e  p r e v i o u s  e x p e r i m e n t  had 
shown an i n c r e a s e  i n  GPI in  bo th  s e t s  o f  e x t r a c t s ,  t h e  
o v e r a l l  i n f e r e n c e  was t h a t  GPI p r o d u c t i o n  was a respo nse  t o  
g lu c o s e  s t i m u l a t i o n  ( i n  s t a r v e d  c e l l s )  w i t h  an accompanying  
d e c r e a s e  in  i n o s i t o l .
C o n s i d e r i n g  t h e  a q u e o u s -m e th a n o l  e x t r a c t s  ( F i g .  3 . 2 4 ) ,  t h e  
absence  o f  peaks was t h o u g h t  t o  be due t o  p h o sp h a tase  
d e g r a d a t i o n  o f  p o t e n t i a l l y  p r e s e n t  i n o s i t o l  ph o s p h a te s  p r i o r  
t o  t h e  a s s a y .  An e x p e r i m e n t  was t h e r e f o r e  p e r fo r m e d  in  which  
t h e  p e r i o d  o f  i n c u b a t i o n  i n  b u f f e r  was reduced  t o  1 h,  t o  
i n v e s t i g a t e  t h e  p o s s i b i l i t y  t h a t  p r o lo n g e d  e x p o s u r e  t o  t h e  
s t a r v a t i o n  s t r e s s  p r e v e n t e d  t h e  c e l l s  f ro m  r e c o v e r i n g  t o  a 
v i a b l e  c o n d i t i o n  when s t i m u l a t e d .  A r e d u c t i o n  i n  t h e  t im e  
t h a t  t h e  c e l l s  were  s u b j e c t e d  t o  t h i s  m e t a b o l i c  s t r a i n  was 
hoped t o  m a i n t a i n  a c o n d i t i o n  i n  which t h e y  c o u ld  i n i t i a t e  
i n o s i t o l  p h o s p h o l i p i d  t u r n o v e r  when s t i m u l a t e d .  C e l l s  were  
h a r v e s t e d  a f t e r  a 20 min s t i m u l a t i o n  w i t h  g l u c o s e .  I f  
t u r n o v e r  had o c c u r r e d ,  and was accompanied by ph o s p h a ta s e  
a c t i v i t y ,  th e n  a s h o r t e r  i n c u b a t i o n  p e r i o d  would  r e v e a l  
i n o s i t o l  p h o sp h a tes  t h a t  had n o t  y e t  been d e g ra d e d .  The 
r e s u l t s  a r e  summarized in  F i g .  3 . 2 6 .  A n a l y s i s  o f  t h e  b u f f e r  
a f t e r  removal  o f  t h e  c e l l s  showed an i n o s i t o l  peak and an 
a r e a  o f  r a d i o a c t i v i t y  s l i g h t l y  e l e v a t e d  above background
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F i g .  3 . 2 5 .  A n a l y s i s  o f  T e r t i a r y  S u p e r n a t a n t s  f rom  G lucose  
Induced  T u r n o v e r  o f  P I P 2 E x p e r im e n t
The t e r t i a r y  s u p e r n a t a n t s  f r o m  th e  e x p e r im e n t  i l l u s t r a t e d  i n  
F i g .  3 .2 4  were e l u t e d  f ro m  a 10 pm SAX HPLC column u s in g  a 
l i n e a r  g r a d i e n t  o f  NH4 H2 PO4  ( 1 . 4  M, 0 -100% ).  F r a c t i o n s  (2 
m l )  were c o l l e c t e d  and m ixed w i t h  O p t ip h a s e  ‘ S a f e ’ f o r  
d e t e c t i o n  by l i q u i d  s c i n t i l l a t i o n .  I n o s i t o l  and GPI peaks 










—-  60 min Buffer H -  20 min Stlm  Elution Grad't
F i g .  3 . 2 6 .  A n a l y s i s  o f  Samples f rom  Glucose Induced  T u rn o v e r  
E x p e r im e n t  w i t h  Reduced I n c u b a t i o n  P e r io d s
C e l l s  were l a b e l l e d  and t r e a t e d  a c c o r d i n g  t o  t h e  d e t a i l s  
g i v e n  i n  t h e  t e x t .  S t i m u l a t e d  c e l l s  were h a r v e s t e d  a f t e r  20 
m in .  R e a c t io n s  were h a l t e d ,  and r a d i o a c t i v i t y  was e x t r a c t e d  
f o l l o w i n g  t h e  removal  o f  t h e  t e r t i a r y  s u p e r n a t a n t .  The 
s t a r v a t i o n  b u f f e r  and e x t r a c t  were e l u t e d  f r o m  a 10 pm SAX 
HPLC column u s in g  a l i n e a r  g r a d i e n t  o f  NH4 H2 PO4  ( 1 . 4  M, 0 -  
100%). F r a c t i o n s  (2 m l )  were c o l l e c t e d  and m ixed w i t h  
O p t ip h a s e  ' S a f e ’ ( 8  m l )  f o r  l i q u i d  s c i n t i l l a t i o n  c o u n t i n g .
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l e v e l  in  t h e  p o s i t i o n  o f  GPI and IP-j . The c e l l  e x t r a c t  gave  
a p r o f i l e  a lm o s t  i d e n t i c a l  t o  t h a t  seen in  t h e  p r e v i o u s  
e x p e r i m e n t  -  a l a r g e  i n o s i t o l  peak w i t h  a much s m a l l e r  peak  
c o m p r is e d  o f  GPI and IP-j . No h i g h e r  i n o s i t o l  p h o s p h a te s  w ere  
d e t e c t e d ,  and t h e  l e v e l s  o f  GPI and IP-j were  n o t  
s i g n i f i c a n t l y  g r e a t e r  t h a n  t h o s e  p r e v i o u s l y  r e c o r d e d .  The  
t h e o r y  o f  p h o s p h a ta s e  d e g r a d a t i o n  d i d  n o t  o b t a i n ,  and no 
e v i d e n c e  o f  g l u c o s e - i n d u c e d  t u r n o v e r  was s e e n .  The  
s i m i l a r i t y  o f  t h e  p r o f i l e s  f ro m  t h e  b u f f e r  and c e l l  e x t r a c t  
p o s s i b l y  su g g e s te d  t h a t  t h e  e l u t e d  peaks w ere  caused by 
d e g r a d a t i o n  o f  an i n o s i t o l - c o n t a i n i n g  m e t a b o l i t e  t h a t  was 
p r e s e n t  i n s i d e  t h e  c e l l ,  b u t  was d e p o s i t e d  o u t s i d e  as w e l l .  
No i n d e p e n d e n t  e v i d e n c e  was a v a i l a b l e  t o  c o n f i r m  o r  r e f u t e  
t h i s  t h e o r y .
The a n a l y s i s  o f  t h e  t e r t i a r y  s u p e r n a t a n t s  f ro m  t h e  non­
s t i m u l a t e d  c e l l s  showed t h e  p r e s e n c e  o f  peaks c o r r e s p o n d i n g  
t o  i n o s i t o l  and GPI as e x p e c t e d  b u t  t h e  s u p e r n a t a n t s  f ro m  
t h e  s t i m u l a t e d  c e l l s  p roduced  a nove l  p r o f i l e  w i t h  peaks i n  
t h e  p o s i t i o n s  o f  i n o s i t o l ,  GPI and IP-j ( F i g .  3 . 2 7 ) .  A 
monophosphate peak had n o t  been p r e v i o u s l y  d e t e c t e d  i n  t h e  
t e r t i a r y  s u p e r n a t a n t ,  b u t  was p r e s e n t  in  b o th  t h e  z e r o  t i m e  
and 45 min s am p les .  Both  t h e  GPI and IP-j peaks showed a 
s m a l l  i n c r e a s e  i n  c o n c e n t r a t i o n  o v e r  t h e  20 min i n c u b a t i o n  
p e r i o d ,  b u t  l i t t l e  c o u ld  be co n c lu d e d  a b o u t  t h e  b e h a v i o u r  o f  
i n o s i t o l  because o f  t h e  i l l - f o r m e d  peak i n  t h e  second  
e x t r a c t .  C lo s e  e x a m i n a t i o n  o f  t h e  e l u t i o n  p r o f i l e s  s u g g e s te d  
t h e  p r e s e n c e  o f  a f o u r t h  peak a t  f r a c t i o n  19 .  I t  was f i r s t  
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F i g .  3 . 2 7 .  A n a l y s i s  o f  T e r t i a r y  S u p e r n a t a n t s  f rom  S t i m u l a t e d  
C e l l s  -  G lucose  Ind u ce d  P I P 2 T u r n o v e r  ( S h o r t  I n c u b a t i o n s )
T e r t i a r y  s u p e r n a t a n t s  were removed f ro m  c e l l  samples p r i o r  
t o  e x t r a c t i o n  o f  r a d i o a c t i v i t y  (see  F i g .  3 . 2 4 ,  3 . 2 5 ) .  The 
s u p e r n a t a n t s  were e l u t e d  f r o m  a 10 pm SAX HPLC column u s in g  
an i n c r e a s i n g  l i n e a r  g r a d i e n t  o f  NH4 H2 PO4  ( 1 . 4  M, 0 -100% ).  
F r a c t i o n s  (2 m l )  were  c o l l e c t e d  and mixed w i t h  O p t ip h a s e  
' S a f e ’ ( 8  m l )  f o r  d e t e c t i o n  by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g
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t r i s p h o s p h a t e , b u t  s t a n d a r d  I n s ( 1 , 4 , 5 ) P 3 e l u t e d  in  f r a c t i o n s  
2 2 - 2 4 .  The peak c o u ld  n o t  i m m e d i a t e l y  be i d e n t i f i e d ,  b u t  
t h i s  r e s u l t  s u g g e s te d  t h a t  f u r t h e r  m e t a b o l i t e s  c o u ld  be 
i s o l a t e d  and s e p a r a t e d  f o l l o w i n g  m o d i f i c a t i o n  o f  t h e  assay  
condi  t i o n s .
A l t h o u g h  i t  had become s t a n d a r d  p r o c e d u r e  t o  m o n i t o r  t h e  
g ro w th  o f  c e l l s  d u r i n g  t h e  24 hour  i n c u b a t i o n  p e r i o d ,  
i n c r e a s e s  i n  d e n s i t y  were r e c o r d e d ,  b u t  t h e  a c t u a l  phase o f  
grow th  r e f e r r e d  t o  by t h e  r e a d i n g s  was n o t  known. A grow th  
c u r v e  o f  s t r a i n  MC3 in  t h e  assay  c o n d i t i o n s  was t h e r e f o r e  
o b t a i n e d  ( F i g .  3 . 2 8 ) .  The r e s u l t  showed t h a t  c e l l s  grown in  
t h e  c o n d i t i o n s  d i c t a t e d  by t h e  e x p e r i m e n t a l  p r o c e d u r e  c o u ld  
t a k e  up t o  40 h t o  a c h i e v e  s t a t i o n a r y  phase .  I t  was p o s s i b l e  
t h a t  p r e v i o u s  e x p e r i m e n t s  had a l l  been p e r fo r m e d  w i t h  c e l l s  
s t i l l  in  t h e  e x p o n e n t i a l  phase o f  g ro w th .  These c e l l s  may 
n o t  have responded i n  t h e  same way t o  a g lu c o s e  s t i m u l u s  
because t h e y  w ere  s t i l l  a c t i v e l y  p r o l i f e r a t i n g  and w ere  
s t i l l  u t i l i z i n g  g lu c o s e  p r e s e n t  in  t h e  grow th  medium.  
C o n d i t i o n s  would  n o t  have been l i m i t i n g  and t h e  s t i m u l u s  
would  n o t  have in d u ce d  i n o s i t o l  p h o s p h o l i p i d  t u r n o v e r .  An 
e x p e r i m e n t  was t h e r e f o r e  p e r fo r m e d  in  which  t h e  c e l l s  were  
i n c u b a t e d  w i t h  t h e  r a d i o a c t i v e  t r a c e r  i n o s i t o l  f o r  48  hours  
b e f o r e  h a r v e s t i n g  by c e n t r i f u g a t i o n .  T h i s  was t o  e n s u r e  t h a t  
t h e  s t a t i o n a r y  phase o f  g row th  had been r e a c h e d .  C e l l s  were  
resuspended  in  f r e s h  b u f f e r  and one p o r t i o n  was s t i m u l a t e d  
w i t h  g lu c o s e  as p r e v i o u s l y  d e s c r i b e d .  Samples f ro m  bo th  
p o r t i o n s  were  t a k e n  a t  t i m e  z e r o  and a f t e r  45 m in ,  and  
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F i g .  3 . 2 8 .  Growth Curve  o f  S t r a i n  MC3 in  Y e a s t  N i t r o g e n  Base 
Medi um
Y e a s t  N i t r o g e n  Base medium (400 m l )  was i n o c u l a t e d  w i t h  
s t r a i n  MC3 and i n c u b a t e d  a t  30 °C w i t h  s h a k in g  (200 RPM). 
Samples (2 x 1 m l )  were removed d u r i n g  t h e  i n c u b a t i o n  
p e r i o d ,  and g ro w th  was m o n i t o r e d  by m e a su r in g  t h e  o p t i c a l  
d e n s i t y  a t  600 nm. The mean o p t i c a l  d e n s i t y  r e a d i n g  was 
p l o t t e d  a g a i n s t  t i m e .
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A n a l y s i s  o f  t h e  aqueous e x t r a c t s  f ro m  t h e  B l i g h  and Dyer  
( 1 9 5 9 )  t r e a t m e n t  showed e x a c t l y  t h e  same r e s u l t  o b t a i n e d  
f ro m  e a r l i e r  e x p e r i m e n t s  -  t h e  p r e s e n c e  o f  an i n o s i t o l  peak  
i n  a l l  e x t r a c t s  and v e r y  s m a l l  peaks in  t h e  G P I / I P 1  
r e t e n t i o n  a r e a s  ( e . g .  F i g .  3 . 2 4 ,  3 . 2 6 ) .  T h e re  was no 
e v i d e n c e  t o  s u g g e s t  t h a t  t h e  e x te n d e d  i n c u b a t i o n  had had any  
e f f e c t  in  s t i m u l a t i n g  i n o s i t o l  p h o s p h o l i p i d  t u r n o v e r .
A n a l y s i s  o f  t h e  t e r t i a r y  s u p e r n a t a n t s  d i d  however show t h e  
p r e s e n c e  o f  pe a k s .  The g l u c o s e - s t i m u l a t e d  e x t r a c t s  bo th  
showed peaks t h a t  c o r r e s p o n d e d  t o  i n o s i t o l ,  G P I ,  IP1 and t h e  
p r e v i o u s l y  seen peak i n  f r a c t i o n s  19-21 ( F i g .  3 . 2 9 ) .  
F o l l o w i n g  s t i m u l a t i o n ,  t h e  i n o s i t o l  peak showed a d e c r e a s e  
in  m a g n i tu d e  w hereas  t h e  o t h e r  t h r e e  peaks a l l  showed an 
i n c r e a s e .  A s i m i l a r  p r o f i l e  was produced by t h e  non­
s t i m u l a t e d  c e l l s  ( F i g .  3 . 3 0 ) .  The same peaks w ere  d e t e c t e d  
and i n  t h e  case  o f  i n o s i t o l ,  GPI and t h e  IP-j p e a k s ,  t h e  same 
b e h a v i o u r  was r e c o r d e d .  The most n o t i c e a b l e  d i f f e r e n c e  
between t h e  two r e s u l t s  was t h a t  in  t h e  f r a c t i o n  19 peak o f  
t h e  n o n - s t i m u l a t e d  c e l l s ,  no i n c r e a s e  was o b s e r v e d .
P r o f i l e s  o f  t h i s  t y p e  had n o t  p r e v i o u s l y  been d e t e c t e d  i n  
th e s e  e x p e r i m e n t s .  I t  was proposed  however t h a t  t h e  o b s e r v e d  
peaks d i d  n o t  a c t u a l l y  r e p r e s e n t  t h e  d e t e c t i o n  o f  myo­
i n o s i t o l  p h o s p h a te s  t h a t  had been r e l e a s e d  t o  t h e  medium,  
b u t  t h e  p r o d u c t s  o f  d e a c y l a t e d  i n o s i t o l - c o n t a i n i n g  
p h o s p h o l i p i d s  (H a w k in s ,  P . ,  1992;  p e r s .  comm.) .  The p r e s e n c e  
o f  t h r e e  d i s t i n c t  peaks  s u g g e s te d  t h a t  t h e  compounds 
d e t e c t e d  w ere  G P I ,  GPIP and GPIP2 -  w a t e r - s o l u b l e  p r o d u c t s  











TO T45 "■"* Elution Grad't
F i g .  3 . 2 9 .  A n a l y s i s  o f  T e r t i a r y  S u p e r n a t a n t s  f ro m  S t i m u l a t e d  
C e l l s  A f t e r  Extended I n c u b a t i o n  P e r io d
C e l l s  t r e a t e d  as p r e v i o u s l y  d e s c r i b e d  were i n c u b a t e d  w i t h  
[ 3 H ] - i n o s i t o l  (20 pCi m l - 1 ) f o r  48 h o u rs .  S t i m u l a t i o n  w i t h  
g lu c o s e  (25 mM) was p e r fo rm e d  a f t e r  2 h o u rs  i n c u b a t i o n  i n  
MES b u f f e r .  The t e r t i a r y  s u p e r n a t a n t s  were e l u t e d  f r o m  a 10 
pm SAX HPLC column and f r a c t i o n s  (2 m l )  were c o l l e c t e d  and 
mixed w i t h  O p t ip h a s e  ' S a f e ’ ( 8  m l )  f o r  d e t e c t i o n  by l i q u i d  













—  TO ” +~ T45  *.Elution Grad't
F i g .  3 . 3 0 .  A n a l y s i s  o f  T e r t i a r y  S u p e r n a t a n t s  f rom  Non-  
S t i m u l a t e d  C e l l s  a f t e r  Extended I n c u b a t i o n
C e l l s  t r e a t e d  as p r e v i o u s l y  d e s c r i b e d  were i n c u b a te d  w i t h
q  _  -j
[ H ] - i n o s i t o l  (20 pCi ml ' )  f o r  48 h o u rs ,  th e n  resuspended  
i n  MES b u f f e r  f o r  a f u r t h e r  2 h o u rs .  F o l l o w i n g  r e s u s p e n s io n  
i n  f r e s h  MES, t e r t i a r y  s u p e r n a t a n t s  o f  t im e  z e ro  and 60 min 
samp les  were e l u t e d  f r o m  a 10 pm SAX HPLC co lu m n .  F r a c t i o n s  
(2 m l )  were c o l l e c t e d  and mixed w i t h  O p t ip h a s e  ' S a f e ’ ( 8  m l )  
f o r  d e t e c t i o n  by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g .
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p h o s p h o l ip a s e  A t r e a t m e n t .  The r e s u l t  i n d i c a t e d  an i n c r e a s e  
i n  c o n c e n t r a t i o n  o f  GPI and ' G P I P ’ i r r e s p e c t i v e  o f  g lu c o s e  
s t i m u l u s ,  a l t h o u g h  t h e  ' G P I P ^  peak o n l y  i n c r e a s e d  in  t h e  
p r e s e n c e  o f  g l u c o s e .  The compounds c o u ld  n o t  be p o s i t i v e l y  
i d e n t i f i e d  because g e n u in e  s t a n d a r d s  were n o t  a v a i l a b l e  b u t  
t h e  r e l e a s e  o f  p h o s p h o i n o s i t i d e  d e r i v e d  b y - p r o d u c t s  t o  t h e  
medium h e lp e d  t o  e x p l a i n  t h e  r e s u l t s  o b t a i n e d .  The i n c r e a s e  
i n  *G P IP 2 * r e c o r d e d  i n  t h e  l a s t  e x p e r im e n t  was t h e  o n l y  
a v a i l a b l e  e v i d e n c e  f o r  t u r n o v e r  o f  P I P 2 i n  respo nse  t o  
g lu c o s e  as d e s c r i b e d  by K a ib u c h i  e t  a 7. ( 1 9 8 6 ) .  The i n c r e a s e  
i n  GPI and 'G P IP*  i n  bo th  s t i m u l a t e d  and n o n - s t i m u l a t e d  
c e l l s  d i d  n o t  s u p p o r t  t h i s  e v i d e n c e  th o u g h ,  i t  was n o t  known 
i f  t h i s  was s i m p ly  a r e s u l t  o f  r e s u s p e n s io n  i n  f r e s h  b u f f e r  
o r  j u s t  a p r e v i o u s l y  unseen r e s u l t .
I t  was n o t  known i f  t h e  p h o s p h o l ip a s e s  t h a t  d eg raded  t h e  
i n o s i t o l  p h o s p h o l i p i d s  were  s t i m u l a t e d  by g lu c o s e  o r  w h e t h e r  
t h e  enzyme a c t i v i t y  was c o n t i n u o u s ,  i r r e s p e c t i v e  o f  
s t i  m u l a t i  o n .
The o v e r a l l  c o n c l u s i o n  f ro m  t h e  e x p e r im e n t s  p e r fo r m e d  was 
t h a t  t h e  o b s e r v a t i o n s  o f  K a ib u c h i  e t  a l .  ( 1 9 8 6 )  c o u ld  n o t  be 
r e p e a t e d .  No e v i d e n c e  was p r o v i d e d  f o r  t h e  p r o d u c t i o n  o f  
i n o s i t o l  t r i s p h o s p h a t e  t h r o u g h o u t  t h e  i n v e s t i g a t i o n  and 
hence no e v i d e n c e  was o b t a i n e d  i n  f a v o u r  o f  t h e  p r e s e n c e  o f  
a m a m m a l ia n -1 i k e  i n o s i t o l  p h o s p h o l i p i d  t u r n o v e r  sys tem .
A number o f  e x p e r i m e n t s  w ere  a l s o  p e r fo rm e d  t o  enhance t h e  
p o s s i b l e  t u r n o v e r  o f  i n o s i t o l  p h o s p h o l i p i d s  and improve
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r a d i o a c t i v i t y  r e c o v e r y  f ro m  t h e  aqueous e x t r a c t s .  H av ing  
d e t e r m in e d  t h a t  a 48 h i n c u b a t i o n  p e r i o d  was n e c e s s a r y  f o r  
t h e  c e l l s  t o  reac h  s t a t i o n a r y  phase o f  g r o w th ,  t h e  n e c e s s i t y  
o f  an i n c u b a t i o n  in  MES b u f f e r  was q u e s t i o n e d .  C e l l s  a t  
s t a t i o n a r y  phase may a l r e a d y  f i n d  t h e  c o n d i t i o n s  l i m i t i n g  
and be u n a b le  t o  m e t a b o l i z e  f u r t h e r  w i t h o u t  some fo rm  o f  
s t i m u l u s .  C e l l s  were t h e r e f o r e  t r e a t e d  as normal  u n t i l  a f t e r
o
t h e  i n c u b a t i o n  w i t h  [ H] — i n o s i t o l . The c e l l s  w ere  th e n  
d i r e c t l y  s t i m u l a t e d  w i t h  g lu c o s e  a t  a f i n a l  c o n c e n t r a t i o n  o f  
25 mM and samples were t a k e n  a t  t i m e  z e r o  and 60 min .  
A n a l y s i s  o f  t h e  aqueous e x t r a c t s  showed t h e  p r e s e n c e  o f  an 
i n o s i t o l  peak and v e r y  s m a l l  peaks in  t h e  G P I / IP - j  a r e a .  The  
same p r o f i l e  had been seen in  a lm o s t  a l l  o f  t h e  aqueous  
e x t r a c t  a n a l y s e s  t h r o u g h o u t  t h e  i n v e s t i g a t i o n .  The o m is s io n  
o f  t h e  MES b u f f e r  i n c u b a t i o n  s t a g e  had had no e f f e c t  on t h e  
r e s u l t .  I t  was c o n s id e r e d  t h a t  g lu c o s e  was n o t  a 
s u f f i c i e n t l y  s p e c i f i c  s t i m u l u s  f o r  t h e  p u t a t i v e  t r a n s d u c t i o n  
sys te m ,  o r  d i d  n o t  p r o v i d e  t h e  n e c e s s a ry  r e q u i r e m e n t s  t o  
i n i t i a t e  t u r n o v e r .  A r e p e a t  e x p e r i m e n t  was t h e r e f o r e  
p e r fo r m e d  in  which  a 60 min i n c u b a t i o n  in  MES b u f f e r  was 
i n c l u d e d ,  b u t  t h e  s u b s e q u e n t  s t i m u l u s  was p r o v i d e d  by 
re s u s p e n d in g  t h e  c e l l s  in  f r e s h  YEPD medium -  t h i s  was hoped  
t o  i n c l u d e  a n u t r i e n t  s t i m u l u s  as w e l l  as a g lu c o s e  
s t i m u l u s .  Samples were  t a k e n  a t  t i m e  z e r o  and 60 min b u t  t h e  
a n a l y s i s  o f  aqueous e x t r a c t s  showed e x a c t l y  t h e  same 
p r o f i l e s  as above .  The use o f  YEPD medium as a s t i m u l u s  had 
n o t  shown any improvem ent  in  i n o s i t o l  ph o sp h a te  p r o d u c t i o n .
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A t  a l a t e r  d a t e ,  t h e  t e r t i a r y  s u p e r n a t a n t s  w ere  a n a ly s e d  
h a v in g  been s t o r e d  a t  - 2 0  °C f o r  a number o f  weeks .  The  
e l u t i o n  o f  s u p e r n a t a n t s  f ro m  t h e  e x p e r im e n t  w i t h o u t  MES 
b u f f e r  i n c u b a t i o n  showed t h e  p re s e n c e  o f  peaks c o r r e s p o n d i n g  
t o  i n o s i t o l ,  G P I ,  ' G P I P ’ and ' G P IP 2 ’ ( F i g .  3 . 3 1 ) .  The 
p r o f i l e s  were d o m in a te d  by huge i n o s i t o l  peaks which  
e f f e c t i v e l y  masked a l l  o t h e r  p e a k s ,  and d o u b le d  in  
c o n c e n t r a t i o n  d u r i n g  t h e  e x p e r i m e n t .  A l th o u g h  a v e r y  s m a l l  
i n c r e a s e  i n  ' G P I P 2 ’ can be s e e n ,  t h e  GPI and ' G P I P ’ peaks  
both  show a marked d e c r e a s e  o v e r  t h e  60 min p e r i o d .  T h i s  
e x p e r i m e n t  was n o t  r e p e a t e d  because t h e  main a r e a  o f  
i n t e r e s t  when i t  was p e r f o r m e d  was t h e  c o n t e n t s  o f  t h e  
aqueous ph a s e ,  b u t  i n  c o n t r a s t  t o  o t h e r  t e r t i a r y  s u p e r n a t a n t  
a n a l y s e s  t h e  e x c l u s i o n  o f  t h e  b u f f e r  i n c u b a t i o n  s t a g e  has  
prom oted d e g r a d a t i o n  o f  some o f  t h e  peaks .  The p r e v i o u s l y  
o b t a i n e d  p r o f i l e s  ( F i g .  3 . 2 9 )  showed u n i v e r s a l  i n c r e a s e s  
when s t i m u l a t e d .  A n a l y s i s  o f  t h e  s u p e r n a t a n t s  f ro m  c e l l s  
s t i m u l a t e d  by r e s u s p e n s i o n  i n  YEPD ( a f t e r  an i n c u b a t i o n  i n  
MES b u f f e r )  d i d  show i n c r e a s e s  i n  peaks c o r r e s p o n d i n g  t o  
i n o s i t o l ,  G P I ,  'G P IP *  and ' G P IP 2 ’ o v e r  a 60 min p e r i o d  ( F i g .
3 . 3 2 )  and s u p p o r t e d  o b s e r v a t i o n s  made e a r l i e r .  T h i s  
e x p e r i m e n t  was n o t  r e p e a t e d  f o r  t h e  reasons  d e s c r i b e d  ab o v e ,  
b u t  t h e r e  i s  p r i m a  f a c i e  e v i d e n c e  t o  s u g g es t  t h a t  a l l  t h e  
p o t e n t i a l l y  p h o s p h o i n o s i t i d e - d e r i v e d  peaks i n c r e a s e  in  
c o n c e n t r a t i o n  f o l l o w i n g  g lu c o s e  s t i m u l a t i o n ,  and t h a t  
removal  o f  t h e  MES i n c u b a t i o n  s t a g e  g r e a t l y  a f f e c t s  t h i s  
a c t i v i t y .  I t  w ou ld  a p p e a r  t h a t  t h e  d e t e c t i o n  o f  r a d i o a c t i v e  
compounds in  t h e  r e a c t i o n  medium can p r o v i d e  more 
i n f o r m a t i o n  p e r t a i n i n g  t o  g lu c o s e  induced t u r n o v e r  o f
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TO T60  —  Elution Grad't
F i g .  3 . 3 1 .  A n a l y s i s  o f  T e r t i a r y  S u p e r n a t a n t s  o f  C e l l s  
S t i m u l a t e d  W i t h o u t  a B u f f e r  I n c u b a t i o n  S ta g e
A sample (2  m l )  o f  a m i d - e x p o n e n t i a l  c u l t u r e  o f  MC3 was 
in c u b a te d  f o r  48 hours  a t  30 °C in  YNB + [ 3H ] - i n o s i t o l  ( 2 0  
pCi m l- 1 ) .  The c e l l s  were s t i m u l a t e d  by t h e  d i r e c t  a d d i t i o n  
o f  g lu c o s e  (25  mM f i n a l  c o n c e n t r a t i o n )  and samples  (1 m l)  
were t a k e n  a t  t im e  z e r o  and 60 min .  The s u p e r n a t a n t s  were  
e l u t e d  f rom  a 10 pm SAX HPLC column and c o l l e c t e d  f r a c t i o n s  
(2 m l)  were mixed w i t h  O p t ip h a s e  ' S a f e ’ ( 8  m l )  f o r  l i q u i d  
s c i n t i l l a t i o n  c o u n t i n g .
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TO -+ -T 6 0  —..Elution Grad't
F i g .  3 . 3 2 .  A n a l y s i s  o f  T e r t i a r y  S u p e r n a t a n t s  f rom  C e l l s  
S t i m u l a t e d  by Resuspension  in  YEPD
A g lu c o s e - i n d u c e d  P IP 2 t u r n o v e r  e x p e r im e n t  was p e r fo rm e d  as 
d e s c r i b e d  i n  t h e  t e x t  e x c e p t  t h a t  s t i m u l a t i o n  was by 
r e s u s p e n s io n  i n  YEPD (2 m l ) .  Samples (1 m l )  were ta k e n  a t  
t im e  z e ro  and 60 m in .  S u p e r n a ta n t s  were e l u t e d  f ro m  a 10 pm 
SAX HPLC column and c o l l e c t e d  f r a c t i o n s  (2 m l )  were mixed 
w i t h  O p t ip h a s e  ' S a f e ’ ( 8  m l )  f o r  l i q u i d  s c i n t i l l a t i o n  
c o u n t i  n g .
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i n o s i t o l  c o n t a i n i n g  p h s o s p h o l i p i d s  th a n  a n a l y s i s  o f  aqueous  
e x t r a c t s .  A l th o u g h  GPI and IP-j peaks w ere  r e g u l a r l y  d e t e c t e d  
in  t h e  c y t o s o l  f o l l o w i n g  s t i m u l a t i o n ,  h i g h e r  i n o s i t o l  
p h o s p h a te s  ( I P 2 ) were o n l y  d e t e c t e d  in  e a r l y  e x p e r i m e n t s  
w i t h  low a c t i v i t y  l e v e l s  o f  14C - l a b e l l e d  i n o s i t o l .  I n o s i t o l  
b i s p h o s p h a t e  was n o t  d e t e c t e d  a t  h i g h e r  l a b e l l i n g  
c o n c e n t r a t i o n s  b u t  t h e  v e r y  low l e v e l s  o f  t h e  c y t o s o l i c  
i n o s i t o l  p h o sphates  d e t e c t e d  and t h e  use o f  a l e s s  s t a b l e  
t r a c e r  may have e x a c e r b a t e d  r e c o v e r y .
3 . 8  Assay o f  I P ^ _ P h o s p h a ta s e  A c t i v i t y
Perhaps  t h e  i n a b i l i t y  t o  d e t e c t  an I P 3 peak in  a y e a s t  c e l l  
p r e p a r a t i o n  was due t o  t h e  a c t i v i t y  o f  an I P 3 d e g r a d in g  
enzyme ( e . g .  I P 3 p h o s p h a t a s e ) ,  wh ich  removed t r i s p h o s p h a t e  
b e f o r e  i t  c o u ld  be i s o l a t e d  o r  t h e  r e a c t i o n s  h a l t e d .  
E x p e r im e n ts  were  t h e r e f o r e  p la n n e d  t o  d e m o n s t r a t e  t h e  
a b i l i t y  o f  a c e l l  p r e p a r a t i o n  t o  d eg ra d e  e x o g e n o u s ly  added 
t r i t i a t e d  I P 3 . Once t h e  d e g r a d a t i o n  had been m o n i t o r e d ,  
s u i t a b l e  i n h i b i t o r s  c o u ld  t h e n  be in c l u d e d  i n  t h e  ass ay  t o  
e i t h e r  s low  o r  h a l t  t h e  d e s t r u c t i o n .  I f  t h e  a c t i v i t y  o f  t h e  
p h o s p h a ta s e  c o u ld  th e n  be i n h i b i t e d  i n  v i t r o , i t  would  
f a c i l i t a t e  r e c o v e r y  o f  t h e  t r i s p h o s p h a t e  p roduced  as a 
r e s u l t  o f  a g o n i s t - s t i m u l a t i o n .
I n  mammalian c e l l s ,  I P 3 p h o s p h a ta s e  i s  d e s c r i b e d  as a ' 2C 
p h o s p h a t a s e ’ as i t  i s  a c t i v i t y - d e p e n d e n t  on t h e  p r e s e n c e  o f  
Mg2+ io n s  (Cohen,  1 9 8 9 ) .  Cohen e t  a l . ( 1 9 8 9 )  a l s o  r e p o r t e d  
t h a t  t h e r e  were r e m a r k a b le  s i m i l a r i t i e s  between y e a s t  and
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mammalian p r o t e i n  p h o s p h a ta s e s  w i t h  r e f e r e n c e  t o  t y p e  1 , 
t y p e  2A and t y p e  2C enzymes,  so i t  was t h o u g h t  t h a t  
i n h i b i t o r s  o f  mammalian I P 3 phosphatase  m ig h t  a l s o  be 
e f f e c t i v e  a g a i n s t  t h e  y e a s t  enzyme. Rana e t  a 7. ( 1986)  
d e m o n s t r a t e d  t h a t  in  r a t  p a n c r e a t i c  i s l e t s ,  t h e  h y d r o l y s i s  
o f  I P 3 was c o m p l e t e l y  i n h i b i t e d  by o m i t t i n g  magnesium f rom  
t h e  enzyme r e a c t i o n  m i x t u r e  o r  by add ing  10 mM EDTA t o  
c h e l a t e  magnesium. A n o th e r  i n h i b i t o r  was s u g g e s te d  by 
S e y f r e d  e t  a 7. ( 1 9 8 4 )  who n o te d  t h a t  spe rm in e  ( 2 . 0  mM) 
i n h i b i t e d  I P 3 p h o s p h a ta s e  a c t i v i t y  by 50% in  r a t  l i v e r
plasma membranes,  and Hansen e t  a l . ( 1987)  d e m o n s t r a te d  t h a t
2+ •Ca i n  t h e  m ic r o m o la r  ran g e  can reduce p h o s p h a ta s e  a c t i v i t y
i n  r a t  b r a i n .  The commonly used p r o t e i n  ph o s p h a ta s e
i n h i b i t o r ,  o k a d a i c  a c i d  was found  t o  be i n e f f e c t i v e  a g a i n s t
I P 3 p h o s p h a ta s e  i n  mammalian c e l l s  (H a y s te a d  e t  a l . ,  1989;
B i a l o j a n  and T a k a i , 1 9 8 8 )  and was t h e r e f o r e  n o t  c o n s id e r e d
f o r  i n v e s t i g a t i o n  in  y e a s t .  O t h e r  p o t e n t i a l  i n h i b i t o r s  such
as ATP and g l y c o l y t i c  i n t e r m e d i a t e s  have been r e c o r d e d  ( s e e
S h e a r s ,  198 9 )  b u t  r e g u l a t i n g  t h e i r  c o n c e n t r a t i o n  i n  v i v o
would  be d i f f i c u l t  t o  a c h i e v e ,  so th e s e  were  n o t  i m m e d ia t e l y
c o n s i d e r e d  f o r  u s e .  They were  however a v a i l a b l e  f o r  f u t u r e
i n v e s t i g a t i o n s  i f  r e q u i r e d .
I n  t h e  i n i t i a l  I P 3 p h o s p h a ta s e  a c t i v i t y  a s s a y s ,  ( M a t e r i a l s  
and Methods 2 . 1 0 . 3 )  no d e g r a d a t i o n  o f  I P 3 was r e c o r d e d  in  
d u p l i c a t e  e x p e r i m e n t s .  A l th o u g h  t h e  d i s t r i b u t i o n  o f  I P 3 
p h o s p h a ta s e  betw een membrane and c y t o s o l  was n o t  known, i t  
was t h o u g h t  t h a t  t h e  i n c l u s i o n  o f  t h e  w hole  c e l l  homogenate  
in  t h e  ass ay  would  f a c i l i t a t e  d e t e c t i o n  o f  a c t i v i t y .  T h i s
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had n o t  been shown however and i t  was d e c id e d  t o  r e p e a t  t h e  
assay  i n  a d i f f e r e n t  b u f f e r  i n  case  t h e  h ig h  c o n c e n t r a t i o n  
o f  p h o s p h a te  was i n t e r f e r i n g  w i t h  t h e  enzyme a c t i v i t y .  The  
ass ay  was p e r fo r m e d  as p r e v i o u s l y  d e s c r i b e d ,  b u t  t h e  
s o n i c a t e d  c e l l s  were  resuspended i n  T r i s / H C L  b u f f e r .  No
o
d e g r a d a t i o n  o f  t h e  e x o g e n o u s ly  added H - I P 3 , was r e c o r d e d  
betw een pH 7 . 0  -  7 . 4  and p h o s p h a ta s e  a c t i v i t y  c o u ld  n o t  be 
d e m o n s t r a t e d .  To exam ine  t h e  p o s s i b i l i t y  t h a t  t h e  s o n i c a t i o n  
t r e a t m e n t  was n o t  a d e q u a t e l y  b r e a k i n g  th e  c e l l s ,  a s e r i e s  o f  
p h o s p h a ta s e  assays  w ere  p e r fo r m e d  u s in g  c e l l  e x t r a c t s  
produced  u s in g  t h e  Braun hom og en iser  ( s e e  M a t e r i a l s  and  
Methods 2 . 1 8 ) .  The c e l l  p e l l e t  was suspended i n  5 ml o f  t h e  
r e l e v a n t  b u f f e r  f o r  b r e a k i n g ,  th e n  t h e  beads w ere  washed i n  
f r e s h  b u f f e r  u n t i l  30 ml had been r e c o v e r e d  f o r  t h e  a s s a y .  
T h i s  a l s o  f a i l e d  t o  d e m o n s t r a t e  a d e c re a s e  in  t r i s p h o s p h a t e  
r a d i o a c t i v i t y  c o u n t s .  I t  was n o t  p o s s i b l e  t o  show t h e  
d e g r a d a t i o n  o f  e x o g e n o u s ly  added t r i t i a t e d  I n s ( 1 , 4 , 5 ) P 3 
u s in g  a c ru d e  y e a s t  c e l l  p r e p a r a t i o n .  Three  p o s s i b l e  
e x p l a n a t i o n s  were c o n s i d e r e d  f o r  t h e  l a c k  o f  a c t i v i t y : -  
( 1 )  I P 3 ph o s p h a ta s e  was n o t  p r e s e n t ,  ( 2 )  t h e  enzyme was 
a c t i v e ,  b u t  t h e  a s s ay  was n o t  s e n s i t i v e  enough o r  ( 3 )  t h e  
enzyme was i n a c t i v e  o r  had been d e s t r o y e d .
B e l i e v i n g  t h e  enzyme t o  be a c t i v e ,  an improved b u f f e r  was 
p r e p a r e d  f o l l o w i n g  a r e v i e w  o f  pho sphatase  ass a y s  in  
mammalian c e l l s  ( S e y f r e d  e t  a 7 . ,  1984;  Hansen e t  a 7 . ,  1 9 8 7 )
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w hich  i n c l u d e d  Mg^ io n s  and 1 mM d i t h i o t h r e i t o l  ( C o n n o l l y  
e t  a l . ,  1987;  Hoer  e t  a 7 . ,  1990;  F o w le r  and B ra n n s t ro m ,  
1 9 9 0 ) .  F u r t h e r  ass a y s  w ere  t h e n  p e r fo rm ed  u s in g  Braun
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h o m o g e n is a t io n  as t h e  method o f  c e l l  b r e a k a g e .  The  
h om o g en is e r  ap p eared  t o  g i v e  a h i g h e r  d e g re e  o f  c e l l  
b r e a k a g e ,  b u t  t h i s  was n o t  q u a n t i f i e d .  C e l l s  were b ro ke n  i n  
t h e  new b u f f e r  ( T r i s / H C L  pH 7 . 0 ,  50 mM; MgCl2 , 3 mM; 
d i t h i o t h r e i t o l  ( D T T ) ,  1 mM) and t h e  assay was p e r f o r m e d  as  
d e s c r i b e d  p r e v i o u s l y .  The r a d i o a c t i v i t y  c o l l e c t e d  d u r i n g  
e l u t i o n  o f  t h e  I P 2 'w in d o w ’ o f  t h e  Dowex a n io n  exchange  
column was a l s o  c o u n te d ,  so t h a t  any d e c r e a s e  i n  t h e  
c o n c e n t r a t i o n  o f  I P 3 c o u ld  be c o r r e l a t e d  w i t h  a p o t e n t i a l  
i n c r e a s e  in  I P 2 c o n c e n t r a t i o n .  A l th o u g h  t h e  i n i t i a l  
e x p e r i m e n t  app eared  t o  show a r e d u c t i o n  i n  t h e  l e v e l  o f  I P 3 , 
t h e  r e s u l t  was m i s l e a d i n g .  The z e r o  t im e  sample  was n o t  
t r e a t e d  i n  t h e  same manner as t h e  s ub seque nt  samples  
( b o i l i n g  f o r  2 min e t c )  and was n o t  d i r e c t l y  c o m p a ra b le .  The  
r e p e a t  e x p e r i m e n t  in  which  a l l  t h e  samples w ere  t r e a t e d  
i d e n t i c a l l y  showed no d e g r a d a t i o n  o f  t h e  t r i s p h o s p h a t e  and 
no i n c r e a s e  in  t h e  I P 2 l e v e l s .
An a l t e r n a t i v e  assay  f o r  p h o s p h a ta s e  enzymes was p r o v i d e d  by 
Hanson ( 1 9 9 1 )  who d e s c r i b e d  t h e  a c t i v i t y  o f  
p h o s p h o i n o s i t i d e s  and t h e  i n o s i t o l  p h o sphates  i n  N e u r o s p o r a  
c r a s s a .  H a r v e s t e d  c e l l s  were resuspended in  HEPES b u f f e r  
( 1 . 5  mM, pH 7 . 0 )  and homogenised.  The broken  c e l l  homogenate  
was c e n t r i f u g e d  a t  2000 x g f o r  5 min and t h e  s u p e r n a t a n t  
was c e n t r i f u g e d  a t  4 0 , 0 0 0  x g f o r  30 min .  The p e l l e t  was 
t h e n  resuspended in  1 ml o f  t h e  new ph o s p h a ta s e  b u f f e r  and 
used as t h e  enzyme s o u r c e .  I n  t h e  f i r s t  e x p e r i m e n t  t h e
o
enzyme p r e p a r a t i o n  was in c u b a te d  w i t h  H - I P 3 ( 0 . 0 4  p C i )  f o r  
20 min a t  25 °C and r e a c t i o n s  were  t e r m i n a t e d  by t h e
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a d d i t i o n  o f  1 ml i c e - c o l d  TCA (15% v / w ) .  The m i x t u r e  was 
i n c u b a t e d  on i c e  f o r  10 m in ,  t h e n  washed w i t h  d i e t h y l - e t h e r  
(5  x 2 m l ) .  A n a l y s i s  o f  sam ples  by Dowex a n io n  exchange  
ch ro m a to g ra p h y  showed no s i g n i f i c a n t  v a r i a t i o n  in  I P 3 
r a d i o a c t i v i t y .  The I P 2 peak however ap p eared  t o  a lm o s t  
d o u b le ,  i n d i c a t i n g  t h a t  some m e ta b o l is m  had o c c u r r e d  ( F i g .
3 . 3 3 ) .  To i n v e s t i g a t e  f u r t h e r ,  t h e  i n c u b a t i o n  p e r i o d  was 
i n c r e a s e d  t o  2 hours  in  a second e x p e r i m e n t .  The im m e d ia te  
o b s e r v a t i o n  was t h a t  a f t e r  40 m in ,  t h e  I P 3 peak had 
d i s a p p e a r e d  ( F i g .  3 . 3 4 ) .  T h e re  was however no c o n c o m i t a n t  
i n c r e a s e  in  t h e  I P 2 peak o r  lo w e r  i n o s i t o l  p h o s p h a te s .  I f  
t h e  I P 3 peak was f u l l y  d e g ra d e d ,  i t  was n o t  known t o  w here  
t h e  r a d i o a c t i v i t y  had been r e d i s t r i b u t e d . I t  i s  a l s o  
i m p o r t a n t  t o  n o te  t h a t  t h e  sam ples  o b t a i n e d  a t  TO min and  
T20 min were i n j e c t e d  o n t o  t h e  column w i t h o u t  a f i l t r a t i o n  
c l e a n - u p  s t e p .  A l l  samples s u b s e q u e n t  t o  t h i s  were f i l t e r e d  
u s in g  a S a r t o r i u s  M i n i s a r t  NM2 m ic ro  f i l t e r  f o l l o w i n g  
c e n t r i f u g a t i o n  t o  e n s u re  a l l  s o l i d  m a t e r i a l  had been 
removed.  The f i l t r a t i o n  s t e p  may have a f f e c t e d  t h e  sam ple  
s i g n i f i c a n t l y  and had somehow s e q u e s t e r e d  i n o s i t o l  
p h o s p h a t e s .
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F i l t e r e d  and u n f i l t e r e d  H - I P 3 sam ples  were th e n  a n a l y z e d  by 
HPLC. B o i l e d  and n o n - b o i l e d  sam ples  were a l s o  run t o  a s s e s s  
t h e  p o s s i b i l i t y  o f  a c t i v i t y  l o s s  by th e s e  methods.  No m a jo r  
l o s s  o f  r a d i o a c t i v i t y  was r e c o r d e d  in  e i t h e r  case  ( d a t a  n o t  








T20 Sample  1 Elution Grad't
F i g .  3 . 3 3 .  Hanson ( 1 9 9 1 )  S t y l e  I P 3 Phosphatase Assay
S t r a i n  MC3 (400 m l )  was grown t o  l a t e - e x p o n e n t i a l  phase in  
YEPD. The enzyme so u rc e  was p re p a re d  as d e s c r i b e d  and 
resuspended  i n  p h ospha tase  b u f f e r .  T h i s  was th e n  mixed w i t h  
3 H - I P 3 and in c u b a te d  f o r  20 min a t  25 °C w i t h  s h a k in g  (120 
RPM). Samples (1 m l )  were h a l t e d  a t  0 and 20 min u s in g  i c e -  
c o l d  TCA (15% w /v )  and were a n a ly s e d  by e l u t i o n  f ro m  a 10 pm 
SAX HPLC co lum n.  F r a c t i o n s  (2 m l )  were c o l l e c t e d  and mixed 
w i t h  O p t ip h a s e  ' S a f e ’ f o r  d e t e c t i o n  by l i q u i d  s c i n t i l l a t i o n  
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F i g .  3 . 3 4 .  Two Hour I P 3 Phosphatase  Assay (Hanson,  1991 )
A m i d - e x p o n e n t i a l  c u l t u r e  o f  MC3 was h a r v e s t e d  and washed, 
c e l l s  were b ro ken  i n  t h e  Braun h om ogen ise r  and an enzyme 
s o u rc e  was p r e p a r e d  as d e s c r i b e d  ( M a t e r i a l s  and Methods 
2 . 1 8 ) .  The c e l l  e x t r a c t  was resuspended  i n  2 ml o f  I P 3 
p h o sp h a ta se  b u f f e r  (see  t e x t )  and i n c u b a te d  a t  25 °C f o r  2 h 
w i t h  0 .1 2  pCi o f  3 H - I P 3  i n  b u f f e r  (3 m l ) .  Samples (1 m l )  
were ta k e n  d u r i n g  t h e  i n c u b a t i o n  and r e a c t i o n s  were h a l t e d  
by t h e  a d d i t i o n  o f  i c e - c o l d  TCA (15% w / v ) .  Samples were 
a n a ly s e d  by HPLC and a re a  u nde r  t h e  c u r v e  v a lu e s  c a l c u l a t e d .
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To c o n f i r m  t h e  a c t i v i t y  o b s e rv e d  in  th e  p r e v i o u s  I P 3 
p h o s p h a ta s e  assay  and remove c o n f u s io n  caused by t h e  use o f  
f i l t e r s  in  sample p r e p a r a t i o n ,  t h e  Hanson ( 1 9 9 1 )  method was 
i n v e s t i g a t e d  more f u l l y .  The m ethodology  was s i m i l a r  t o  t h e  
p r e c e d in g  e x p e r im e n t  b u t  t h e  enzyme p r e p a r a t i o n  was 
resuspended  i n  30 mM HEPES (pH 7 . 0 ) .  The i n c u b a t i o n  
c o n d i t i o n s  were  e x a c t l y  t h e  same, b u t  r e a c t i o n s  w ere  h a l t e d  
by t h e  a d d i t i o n  o f  an eq u a l  volume o f  i c e - c o l d  p y r i d i n e  
s o l u t i o n  ( e t h y l  a l c o h o l :  d i e t h y l  e t h e r :  p y r i d i n e ,  1 5 : 5 : 1  
v / v / v  a f t e r  Hanson, 1 9 9 1 ) .  An ion  exchange ch ro m a to g ra p h y  was 
p e r fo r m e d  in  10 cm Dowex r e s i n  columns co n n e c te d  t o  t h e  
HPLC, a l l o w i n g  a l i n e a r  g r a d i e n t  t o  be a p p l i e d .  The a n a l y s i s  
was p e r fo r m e d  in  t h i s  manner such t h a t  samples c o u ld  be 
exam ined w i t h  t h e  minimum o f  p r e p a r a t i o n ,  a v o i d i n g  any 
p r o c e d u r e s  which may have a f f e c t e d  t h e  r a d i o a c t i v i t y  
c o n t e n t .  The r e s u l t  ( F i g .  3 . 3 5 )  shows a g r a d u a l  d e c r e a s e  in  
t h e  h e i g h t  o f  t h e  I P 3 peak w i t h  t i m e .  The r e l a t i v e l y  s low  
t u r n o v e r  may be a r e s u l t  o f  t h e  o m is s io n  o f  MgCl2 f ro m  t h e  
i n c u b a t i o n  b u f f e r .  T h i s  r e s u l t  does no t  show a c o i n c i d e n t  
i n c r e a s e  in  any o t h e r  peak o r  a r e a  o f  t h e  p r o f i l e .  The 
e x p e c t e d  r e s u l t  was an i n c r e a s e  in  th e  peak h e i g h t  o f  I P 2 
c o r r e s p o n d i n g  t o  a d e c re a s e  in  I P 3 . The d i s c e r n i b l e  peaks o f  
I P 3 , I P 2 and IP-j a l l  seem t o  d eg ra d e  and i t  i s  o n l y  in  t h e  
T120 min sample  t h a t  an i n c r e a s e  i s  re c o rd e d  f o r  t h e  l e v e l  
o f  f r e e  i n o s i t o l .  A l th o u g h  t h e  d e g r a d a t i o n  o f  e x o g e n o u s ly  
added I P 3 was c o n f i r m e d  i n  t h i s  e x p e r im e n t ,  no e v i d e n c e  was 
p r o v i d e d  f o r  t h e  e x i s t e n c e  o f  a d e g r a d a t i v e  pathway f o r  t h e  
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F i g .  3 . 3 5 .  Extended I P 3 Phosphatase  Assay (Hanson,  1991)
The m e th o do lo gy  was as d e s c r i b e d  f o r  F i g .  3 . 3 4 .  Samples (1 
m l )  were removed d u r i n g  t h i s  t i m e .  R e a c t io n s  were h a l t e d  by 
th e  a d d i t i o n  o f  an equa l  vo lume o f  p y r i d i n e  s o l u t i o n  (see 
t e x t )  and samples were a n a ly s e d  by e l u t i o n  f r o m  a 1 0  cm 
Dowex a n io n  exchange co lumn c o n n e c te d  t o  t h e  HPLC. A l i n e a r  
g r a d i e n t  o f  NH4 H2 PO4  ( 0 - 1 0 0 %) was used and f r a c t i o n s  ( 2  m l )  
were c o l l e c t e d  and mixed w i t h  O p t ip h a s e  ’ S a f e ’ ( 8  m l )  f o r  
d e t e c t i o n  by l i q u i d  s c i n t i l l a t i o n  s p e c t r o m e t r y .
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E x p e r im e n ts  were th e n  p e r fo r m e d  e x a c t l y  as d e s c r i b e d  by 
Hanson ( 1 9 9 1 ) .  D e t a i l s  a r e  g i v e n  in  M a t e r i a l s  and Methods  
2 . 1 8  and 2 . 1 9 .  The enzyme p r e p a r a t i o n  was resuspended  in  1 . 5  
ml o f  30 mM HEPES pH 7 . 0 / 3  mM MgCl2 . D u p l i c a t e  e x p e r im e n t s  
gave e s s e n t i a l l y  i d e n t i c a l  r e s u l t s ,  showing a p r o g r e s s i v e  
d e c r e a s e  i n  t h e  h e i g h t  o f  t h e  I P 3 peak w i t h  t i m e  ( F i g .
3 . 3 6 ) .  T h e re  was a marked r e d u c t i o n  in  t h e  t r i s p h o s p h a t e  
peak d u r i n g  t h e  f i r s t  few seconds o f  t h e  ass ay  a f t e r  w h ich
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t h e  a c t i v i t y  s lowed down c o n s i d e r a b l y .  The i n c l u s i o n  o f  Mg 
io n s  i n  t h e  i n c u b a t i o n  b u f f e r  may have speeded up t h e  
r e a c t i o n  r a t e  b u t  had l i t t l e  e f f e c t  on t h e  f o r m a t i o n  o f  
lo w e r  i n o s i t o l  p h o sphates  in  respo nse  t o  t h e  d e g r a d a t i o n  o f  
I P 3 . As in  t h e  p r e v i o u s  a s s a y ,  a l l  t h r e e  component peaks  
were g r a d u a l l y  degraded  w i t h  o n l y  a v e r y  t r a n s i e n t  i n c r e a s e  
in  t h e  m ag n i tu d e  o f  t h e  IP-j p ea k .  T h e re  was no i n c r e a s e  in  
t h e  s i z e  o f  t h e  I P 2 peak t h r o u g h o u t  t h e  a s s a y ,  t h e  a r e a  
under  t h e  c u r v e  showed a c o n t i n u a l  r e d u c t i o n  w i t h  a s i m i l a r  
p r o f i l e  t o  t h e  I P 3 r e s u l t .  Pe rhaps  t h e  r e d u c t i o n  o f  I P 3 w i t h  
no c o r r e s p o n d i  ng i n c r e a s e  in  I P 2 o r  IP-j was an a s p e c t  o f  
s e q u e s t r a t i o n  o f  r a d i o a c t i v i t y  r a t h e r  th a n  g e n u in e  e n z y m a t i c  
a c t i v i t y .  Any r e m a in in g  p e l l e t  m a t e r i a l  f ro m  t h e  assay  
sam ples  was s u b j e c t e d  t o  a B l i g h  and Dyer  ( 1 9 5 9 )  e x t r a c t i o n  
i n  an a t t e m p t  t o  r e c o v e r  any "bound" r a d i o a c t i v i t y  f ro m  t h e  
c e l l  m a t e r i a l .  Both t h e  aqueous and o r g a n i c  phases produced  
o n l y  background c o u n ts  however and p r o v i d e d  no f u r t h e r  
i n f o r m a t i o n .
To exam ine  f u r t h e r  t h e  p o s s i b i l i t y  o f  g e n u in e  e n z y m a t i c  
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F i g .  3 . 3 6 .  D u p l i c a t e  Hanson ( 1 9 9 1 )  S t y l e  I P 3 Phosphatase  
Assay
S t r a i n  MC3 was grown t o  t h e  m i d - e x p o n e n t i a l  phase o f  g ro w th  
and h a r v e s t e d  by c e n t r i f u g a t i o n .  The c e l l s  were washed and 
b roken  by Braun h o m o g e n is a t i o n  i n  1 .5  mM HEPES/0.1 M KC1. 
The m e th o d o lo g y  o f  Hanson (1 9 91 )  was th e n  f o l l o w e d  e x a c t l y  
( d e s c r i b e d  i n  M a t e r i a l s  and Methods 2 .1 8 ,  2 . 1 9 ) .  Samples 
were a n a ly s e d  by e l u t i o n  f r o m  a 10 pm SAX a n io n  exchange 
HPLC co lumn and f r a c t i o n s  (2 m l )  were c o l l e c t e d .  These were 
mixed w i t h  O p t ip h a s e  ' S a f e ’ ( 8  m l )  f o r  d e t e c t i o n  by l i q u i d  
s c i n t i l l a t i o n  c o u n t i n g .  A rea  u nde r  t h e  c u r v e  v a lu e s  were 
c a l c u l a t e d  by w e i g h t .
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t r i s p h o s p h a t e  peak ,  t h e  assay  was r e p e a t e d  w i t h  l i t h i u m  
c h l o r i d e  (12  mM f i n a l  c o n c e n t r a t i o n )  in  t h e  i n c u b a t i o n  
b u f f e r .  The p re s e n c e  o f  l i t h i u m  io n s  in  t h e  b u f f e r  app eared  
t o  have no e f f e c t  on t h e  d e g r a d a t i o n  o f  I P 3 . The p r o f i l e  
showed e x a c t l y  t h e  same b e h a v i o u r  as t h e  p r e v i o u s  a s s a y .  A 
b r i e f  i n c r e a s e  in  t h e  I P - j  l e v e l s  was accompanied by t h e  
g e n e r a l  r e d u c t i o n  o f  a l l  t h r e e  peaks w i t h  t i m e .  The r e s u l t  
i m p l i e d  t h a t  t h e  d is a p p e a r a n c e  o f  t h e  i n o s i t o l  pho sphates  
was n o t  p a r t  o f  a r e g u l a t e d  d e g r a d a t i o n  p a th w ay .  I f  t h e  
p u r p o r t e d  pho sp h a tase s  were  b e h a v in g  as in  mammalian c e l l s ,  
l i t h i u m  would  i n h i b i t  t h e  c o n v e r s i o n  o f  I P - j  t o  i n o s i t o l .  
Maybe t h e  l i t h i u m  c o n c e n t r a t i o n  was n o t  h ig h  enough t o  
i n h i b i t  t h e  e n z y m e (s )  b u t  D e lv a u x  e t  a l . ,  ( 1 9 8 7 ) ,  Ragan e t  
a l . ,  ( 1 9 8 8 ) ,  In h o r n  and M a je r u s  ( 1987 )  and Hughes and 
Drummond ( 1 9 8 7 )  have a l l  d e m o n s t r a te d  marked monophosphatase  
i n h i b i t i o n  a t  1 2 .5  mM o r  lo w e r  L i + c o n c e n t r a t i o n s .
The a c t i v i t y  o f  a Hanson ( 1 9 9 1 )  s t y l e  enzyme p r e p a r a t i o n  had 
n o t  been e s t a b l i s h e d  w i t h  r e s p e c t  t o  t h e  d e g r a d a t i o n  o f  
e x o g e n o u s ly  added I P 1 . An e x p e r i m e n t  was t h e r e f o r e  p e r fo r m e d  
t o  m o n i t o r  t h e  breakdown o f  1 ^ C - I P - j  . Us ing e x a c t l y  t h e  same 
m e th o d o lo g y ,  w i t h o u t  l i t h i u m ,  a r e a  under  t h e  c u r v e  a n a l y s i s  
showed no m a jo r  d e c re a s e  in  t h e  I P - j  peak d u r i n g  a 60 min 
i n c u b a t i o n  ( d a t a  n o t  show n) .  The e x p e c te d  r e s u l t  was a 
r e d u c t i o n  in  t h e  I P - j  peak t o  a p p r o x i m a t e l y  20% o f  i t s  
o r i g i n a l  s i z e ,  as seen f o r  I P 3  breakdown.  The o b s e rv e d  
d e c r e a s e  c o u ld  be a t t r i b u t e d  t o  v a r i a t i o n s  in  r a d i o a c t i v i t y  
d e t e c t i o n  l e v e l s .  I t  was t h e r e f o r e  con c lu d ed  t h a t  t h e  
d e g r a d a t i o n  was n o t  d e r i v e d  f ro m  a m e t a b o l i c  pathway o f
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p h o s p h a ta s e  a c t i v i t y ,  i n v o l v i n g  t h e  p r o g r e s s i v e  
p h o s p h o r y l a t i o n  and s u b s e q u e n t  d e p h o s p h o r y l a t i o n  o f  lo w e r
3
i n o s i t o l  p h o s p h a te s .  A l t h o u g h  e x o g e n o u s ly  added H - I P 3 was 
broke n  down w i t h  t i m e ,  and a t r a n s i e n t  i n c r e a s e  in  IP-j 
l e v e l s  r e c o r d e d ,  no e v i d e n c e  was o b t a i n e d  f o r  t h e  
p h o s p h o r y l a t i o n  o f  I P 2 -  t h e  im m e d ia te  re sp o n se  t o  I P 3 
p h o s p h a ta s e  a c t i v i t y .  The p r e p a r a t i o n  ap p e a re d  u n a b le  t o  
d e g ra d e  IP-j i f  i t  was added as t h e  s o l e  s u b s t r a t e ,  so i t  was 
n o t  s u r p r i s i n g  t h a t  l i t h i u m  io n s  had no e f f e c t  on t h e  
r e a c t i o n .  I t  was c o n c lu d e d  t h a t  t h e  ph o s p h a ta s e  enzyme  
d e g r a d a t i o n  pathway f o r  i n o s i t o l  p ho spha tes  was e i t h e r  n o t  
p r e s e n t  in  Sacch.  c e r e v i s i a e  o r  was u n a b le  t o  f u n c t i o n .  A 
u s e f u l  e x p e r i m e n t  t o  c o m p le te  t h e  i n v e s t i g a t i o n  would  have  
been t o  m o n i t o r  t h e  p o t e n t i a l  d e g r a d a t i o n  o f  e x o g e n o u s ly  
added r a d i o a c t i v e  I P 2 . The t r a c e r  was u n a v a i l a b l e  a t  t h e  
t i m e ,  b u t  t h e  assay  may have p r o v i d e d  f u r t h e r  i n f o r m a t i o n  
c o n c e r n i n g  t h e  n a t u r e  o f  t h e  p u t a t i v e l y  p r e s e n t  enzymes.  I f  
t h e  r e d u c t i o n  o f  I P 2 had f o l l o w e d  a s i m i l a r  p a t t e r n  t o  t h a t  
r e c o r d e d  f o r  I P 3 , i t  c o u ld  be co n c lu d e d  t h a t  n o n - s p e c i f i c  
p h o s p h a ta s e s  were f u n c t i o n i n g  i n  t h e  c e l l  e x t r a c t .  I f  
however  t h e  I P 2 was d eg ra d ed  w i t h  a c o i n c i d e n t  i n c r e a s e  in  
t h e  l e v e l  o f  IP-j , f o l l o w e d  by t h e  d e g r a d a t i o n  o f  IP-j and 
f r e e  i n o s i t o l  p r o d u c t i o n ,  i t  c o u ld  be c o n c lu d e d  t h a t  a 
p h o s p h a ta s e  pathway was p r e s e n t  w h ich  was s p e c i f i c  f o r  I P 2 . 
T h i s  may have h e lp e d  t o  e x p l a i n  t h e  i n a b i l i t y  t o  d e t e c t  I P 3 
i n  a y e a s t  c e l l  e x t r a c t ,  p o s s i b l y  i n f e r r i n g  t h a t  I P 2 was t h e  
second messenger b u t  t h e  p r e v i o u s  d e g r a d a t i o n  e x p e r im e n t s  
d i d  n o t  s u p p o r t  t h e  h y p o t h e s i s .  I t  was n o t  p o s s i b l e  t o  
d e m o n s t r a t e  an i n o s i t o l  p h o sp h a te  d e g r a d a t i o n  pathway u s in g
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an enzyme p r e p a r a t i o n  d e r i v e d  f ro m  th e  methods o f  Hanson  
( 1 9 9 1 ) ,  so no f u r t h e r  e x p e r im e n t s  o f  t h i s  t y p e  were done.  
E v id e n c e  f o r  some k i n d  o f  I P 3 breakdown had been  
d e m o n s t r a t e d  so a l t e r n a t i v e  m e th o d o lo g ie s  w ere  i n v e s t i g a t e d .
3 . 8 . 1 Assay o f  IP^ Phosphatase A c t i v i t y  using Membrane
R re pa ra t jon s  Produced w i th  C a t io n ic  Micro-Beads
o
U n a b le  t o  s a t i s f a c t o r i l y  d e m o n s t r a t e  t h e  breakdown o f  H-  
I P 3 u s in g  r e l a t i v e l y  c r u d e  c e l l  e x t r a c t  p r e p a r a t i o n s , i t  was 
proposed t h a t  t h e  use o f  i s o l a t e d  plasma membranes m ig h t  
enhance r e a c t i o n  c o n d i t i o n s  by e l i m i n a t i n g  c y t o s o l i c  
m a t e r i a l  and c o n c e n t r a t i n g  t h e  membrane components where  t h e  
enzymes o f  i n t e r e s t  w ere  p o t e n t i a l l y  l o c a t e d .  The  
d i s t r i b u t i o n  o f  t h e  p u t a t i v e l y  p r e s e n t  I P 3 p h o s p h a ta s e  
between c y t o s o l i c  and membrane bound f r a c t i o n s  was n o t  known 
b u t  t h e  removal  o f  any p o t e n t i a l  i n h i b i t o r s  p r e s e n t  i n  t h e  
c y t o p la s m  was hoped t o  enhance any p o s s i b l e  a c t i v i t y .  I t  was 
c o n s id e r e d  t h a t  i f  t h e  I P 3 p ho sphatase  enzyme o f  y e a s t  was 
p r e d o m i n a n t l y  membrane-bound,  such a c o n c e n t r a t i o n  o f  t h i s  
c e l l u l a r  f r a c t i o n  w ou ld  f a c i l i t a t e  a c t i v i t y  d e t e c t i o n .  I t  
was a l s o  proposed t h a t  t h e  use o f  harsh  c e l l - b r e a k i n g  
t e c h n i q u e s  such as h o m o g e n is a t io n  may have damaged t h e  
enzyme, r e n d e r i n g  i t  u n a b le  t o  degrade I P 3 -  t h e  use o f  
cha rg ed  m ic r o - b e a d s  would  a v o id  rough t r e a t m e n t  o f  t h e  
c e l l s .  Plasma membranes w ere  t h e r e f o r e  i s o l a t e d  f rom  
s p h a e r o p l a s t s  (s e e  M a t e r i a l s  and Methods 2 . 1 3 )  t h a t  had been 
s u r f a c e - 1a b e l l e d  w i t h  c a t i o n i c  s i l i c a  m ic r o - b e a d s  ( S c h m id t  
e t  a l . ,  1983;  Chaney and Jacobson ,  1983;  M a t e r i a l s  and
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Methods 2 . 1 4 ) .  I n  t h e  f i r s t  e x p e r i m e n t ,  membrane 
p r e p a r a t i o n s  in  assay b u f f e r  were mixed w i t h  a s o l u t i o n  o f  
3H - I P 3 and in c u b a t e d  a t  25 ° C .  Samples w ere  t a k e n  
i m m e d i a t e l y  a f t e r  m ix in g  and a f t e r  30 min .  Both sam ples  gave  
a b a s e l i n e  p r o f i l e  f o l l o w i n g  t h e  r e l e a s e  o f  f r e e  i n o s i t o l .
No peaks w ere  d e t e c t e d  and i t  was o r i g i n a l l y  t h o u g h t  t h a t  
t h e  r e s u l t  was e r r o n e o u s  due t o  f a u l t y  a n a l y s i s  o r  human 
e r r o r .  The p r e s e n c e  o f  t h e  r a d i o a c t i v i t y  c o u n ts  in  t h e  
i n o s i t o l  a r e a  o f  t h e  e l u t i o n  p r o f i l e  s u g g e s te d  v e r y  r a p i d  
d e g r a d a t i o n  o f  t h e  i n o s i t o l  p h o s p h a te s .  Pe rhaps  t h e  
p h o s p h a ta s e  a c t i v i t y  was so h ig h  t h a t  t h e  pathway  
i n t e r m e d i a t e s  were f u l l y  d e p h o s p h o r y la t e d  t o  i n o s i t o l  w i t h i n
o
seconds o f  t h e  i n t r o d u c t i o n  o f  ° H - I P 3 . T h i s  would  e x p l a i n  
t h e  absence  o f  peaks in  t h e  T"0"  min ( t a k e n  i m m e d i a t e l y  
a f t e r  m ix in g  s u b s t r a t e  and enzyme s o u r c e )  sam ple  and i s  t h e  
k in d  o f  a c t i v i t y  l e v e l  w h ich  may be e x p e c t e d  when d e a l i n g  
w i t h  t h e  d e a c t i v a t i o n  o f  second m essengers .  A r e p e a t  
e x p e r i m e n t  was t h e r e f o r e  p e r fo r m e d  w i t h  one s l i g h t  
m o d i f i c a t i o n  -  a sample  o f  t h e  t r a c e r  s o l u t i o n  was t a k e n  
b e f o r e  m ix in g  w i t h  t h e  membrane p r e p a r a t i o n  as w e l l  as  t h e  
T"0"  min and 30 min sam ple .  The r e s u l t  ( F i g .  3 . 3 7 )  
r e i n f o r c e d  t h e  p r e v i o u s  o b s e r v a t i o n s  and showed t h a t  t h e  I P 3 
peak v a n is h e d  w i t h i n  seconds o f  m ix in g  w i t h  t h e  membranes.  
The I P 2 peak was a l s o  g r e a t l y  reduced a t  T " 0 "  min and a l s o  
v a n is h e d  i n  30 min .  The IP-j peak d i d  n o t  a p p e a r  t o  be 
a f f e c t e d  i m m e d i a t e l y ,  b u t  was a l s o  g r e a t l y  reduced  i n  t h e  
T30 min sam ple .  T h e re  was however no i n c r e a s e  in  t h e  l e v e l s  
o f  I P 2 o r  IP-j which a g a in  i m p l i e d  t h a t  t h e  a c t i v i t y  o b s e r v e d  
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F i g .  3 . 3 7 .  Repeat  IP 3  P h ospha tase  Assay ( I s o l a t e d  Membranes)
I s o l a t e d  p lasma membranes ( M a t e r i a l s  and Methods 2 .1 4 )  were 
i n c u b a t e d  w i t h  3 H - I P 3 ( 0 . 0 3  pCi ) f o r  30 min a t  25 °C.
Samples ( 0 . 5  m l )  were removed p r i o r  t o  m i x i n g ,  th e n  0 and 30 
min  a f t e r .  R e a c t io n s  were h a l t e d  by th e  a d d i t i o n  o f  an equa l  
vo lume o f  i c e - c o l d  p y r i d i n e  s o l u t i o n  (see t e x t ) .  Samples 
were e l u t e d  f ro m  10 cm Dowex r e s i n  co lumns u s in g  a l i n e a r  
g r a d i e n t  ( 0 - 1 0 0 %) o f  ammonium d ih y d r o g e n  o r t h o p h o s p h a t e  and 
f r a c t i o n s  (2 m l )  were c o l l e c t e d  and mixed w i t h  O p t ip h a s e  
' S a f e ’ f o r  d e t e c t i o n  by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g .
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p h o sp h a tase  enzymes.  E x a c t l y  t h e  same r e s u l t  was o b t a i n e d  in  
two r e p e a t  e x p e r i m e n t s .  Hence,  e i t h e r  t h e  t r i s p h o s p h a t e  had 
been f u l l y  d ep h o s p h o ry 1a t e d  back t o  i n o s i t o l ,  wh ich  c o u ld  
th e n  be i n h i b i t e d  by l i t h i u m ,  o r  t h e  r a d i o a c t i v i t y  had been 
s e q u e s t e r e d  i n t o  an u n a v a i l a b l e  fo rm  and t a k e n  i n t o  t h e  
membranes.
E x p e r im e n ts  were done t o  d e m o n s t r a t e  t h a t  a t  l e a s t  90% o f
q
t h e  o r i g i n a l  r a d i o a c t i v i t y  c o u ld  be r e c o v e r e d  f ro m  ^ H - IP q  
samples f o l l o w i n g  t r e a t m e n t  w i t h  both  t h e  TCA and p y r i d i n e  
s o l u t i o n  r e a c t i o n  h a l t i n g  p r o c e d u r e s  ( d a t a  n o t  shown) .  I t  
was th u s  co n c lu d ed  t h a t  t h e  m ass ive  lo s s  in  I P 3 
r a d i o a c t i v i t y  was n o t  o c c u r r i n g  a t  t h i s  s t a g e .  I t  was a l s o
q
e s s e n t i a l  t o  d e m o n s t r a te  t h a t  t h e  l e v e l  o f  0 H - I P 3 rem ained  
c o n s t a n t  in  t h e  b u f f e r  and d i d  n o t  degrade  w i t h  t i m e .  A 
s e r i e s  o f  e x p e r im e n t s  was t h e r e f o r e  run t o  e s t a b l i s h  t h e
q
b e h a v io u r  o f  p o t e n t i a l  H - I P 3 d e g r a d a t i o n  in  a number o f  
b u f f e r s ,  and in  t h e  absence o f  any c e l l u l a r  m a t e r i a l .
q
I n i t i a l l y  H - I P 3 was d i s s o l v e d  in  a 1:1 ( v / v )  s o l u t i o n  o f  
d i s t i l l e d  w a t e r  and 30 mM HEPES/MgCl2 b u f f e r .  The r e s u l t s  
( F i g .  3 . 3 8 )  showed a marked d e c re a s e  in  t h e  s i z e  o f  t h e  I P 3 
peak w i t h  t i m e .  The d e g r a d a t i o n  appeared  t o  be n o n - s p e c i f i c  
as t h e r e  was no c o i n c i d e n t  i n c r e a s e  in  e i t h e r  t h e  I P 2 o r  IP-j
peak .  I t  was n o t  known where t h e  r a d i o a c t i v i t y  had gone
3a l th o u g h  t h e  60 min sample  showed an i n c r e a s e  in  f r e e  H-
q
i n o s i t o l  c o n t e n t .  F u r t h e r  ass ays  were p e r fo rm e d  w i t h  H - I P 3 
d i s s o l v e d  in  ( 1 )  d i s t i l l e d  w a t e r ,  pH 6 . 2 ,  ( 2 )  30 mM 
HEPES/MgCl2 > pH 7 . 0 ,  ( 3 )  30 mM HEPES/MgCl2 , pH 7 . 4  and ( 4 )  
Membrane P r e p a r a t i o n  Assay b u f f e r ,  pH 6 . 5 .
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F i g .  3 . 3 8 .  B lank  I P 3 Phosphatase  A c t i v i t y  I n v e s t i g a t i o n
o
T r a c e r  H - I P 3  ( 0 . 0 3  pCi ) was i n c u b a te d  i n  p h o s p h a ta s e  assay  
b u f f e r  (30 mM HEPES/3 mM MgCl2 , 4 m l )  f o r  60 min a t  25 °C in  
t h e  absence o f  c e l l u l a r  m a t e r i a l .  Samples (1 m l)  were 
removed p e r i o d i c a l l y  and t r e a t e d  w i t h  1 ml o f  p y r i d i n e  
s o l u t i o n .  Samples were e l u t e d  f r o m  a 10 pm SAX HPLC co lumn 
u s in g  a l i n e a r  g r a d i e n t  ( 0 - 1 0 0 %) o f  ammonium d ih y d r o g e n  
o r t h o p h o s p h a t e ,  f r a c t i o n s  ( 2  m l )  were c o l l e c t e d  and m ixed  
w i t h  O p t ip h a s e  ' S a f e ’ ( 8  m l )  f o r  d e t e c t i o n  by l i q u i d  
s c i n t i l l a t i o n  c o u n t i n g .
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The m ethodo logy  used was e x a c t l y  as d e s c r i b e d  above f o r  each  
assay and a summary r e s u l t  i s  shown in  F i g .  3 . 3 9 .  I t  was 
c o n s id e r e d  most u s e f u l  t o  p l o t  t h e  a r e a  und er  t h e  c u r v e  f o r  
t h e  I P 3 peak o n l y .  When d i s s o l v e d  i n  b u f f e r s  1 and 4 ,  I P 3 
g r a d u a l l y  d eg raded  w i t h  t i m e  even in  t h e  absence  o f  c e l l u l a r  
m a t e r i a l .  Both o f  t h e s e  b u f f e r s  have a pH be low 7 . 0 ,  and  
th u s  t h e  d e g r a d a t i o n  may have been pH d e p e n d e n t .  V e ry  l i t t l e  
d e g r a d a t i o n ,  i f  any was seen when I P 3 was d i s s o l v e d  in  
b u f f e r s  o f  pH 7 . 0  o r  g r e a t e r  (2  and 3 ) ,  so s u b s e q u e n t  assays  
where a lw a y s  p e r fo rm e d  a t  n e u t r a l  o r  s l i g h t l y  a l k a l i n e  pH. 
A l th o u g h  n o t  i l l u s t r a t e d ,  t h e  d a t a  o b t a i n e d  f ro m  b u f f e r s  1 
and 4 showed l a r g e  i n c r e a s e s  i n  t h e  s i z e  o f  t h e  I P 2 peak as  
t h e  I P 3 peak was re d u c e d .  T h i s  i m p l i e d  d e g r a d a t i o n  by 
d e p h o s p h o r y l a t i o n  o f  t h e  t r i s p h o s p h a t e , and n o t  a g e n e r a l  
d e t e r i o r a t i o n  o f  t h e  r a d i o a c t i v e  s p e c i e s .  Even though i t  had 
been d e m o n s t r a te d  t h a t  3H - I P 3 was d eg raded  by i n c u b a t i o n  in  
b u f f e r s  o f  pH below 7 . 0 ,  t h i s  breakdown was n o t  f a s t  enough  
t o  e x p l a i n  t h e  r a p i d  d is a p p e a r a n c e  o f  t h e  r a d i o a c t i v i t y  when 
mixed w i t h  membrane p r e p a r a t i o n s . I t  was p o s s i b l e  however t o  
show t h a t  n e i t h e r  t h e  b u f f e r  nor  t h e  r e a c t i o n - h a l t i n g  s t e p  
caused t h e  d i s a p p e a r a n c e  o f  t h e  i n o s i t o l  p h o s p h a te  peaks  
w i t h i n  t h e  f i r s t  few seconds o f  t h e  i n c u b a t i o n .
D u p l i c a t e  e x p e r im e n t s  p e r fo r m e d  w i t h  t h e  membrane 
p r e p a r a t i o n s  suspended i n  30 mM HEPES/MgCl2 pH 7 . 0  b u f f e r  
showed e x a c t l y  t h e  same r e s u l t  as b e f o r e .  The r a d i o a c t i v i t y  
was reduced t o  a b a s e l i n e  o n l y  seconds a f t e r  m i x i n g .
Changing t h e  r e a c t i o n  b u f f e r  a p p eared  t o  have no e f f e c t  
w h a t s o e v e r .  I t  was n o t  known a t  t h i s  p o i n t  w here  t h e
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F i g .  3 . 3 9 .  Summary o f  B lank  I P 3 Phosphatase E x p e r im e n ts
T r a c e r  3 H - I P 3 ( 0 . 0 3  pCi ) was d i l u t e d  i n  a range  o f  b u f f e r s  
(see t e x t )  and i n c u b a te d  f o r  60 min a t  25 °C w i t h  s h a k in g  
(120 RPM). Samples (1 m l )  were removed p e r i o d i c a l l y  and 
t r e a t e d  w i t h  1 ml o f  p y r i d i n e  s o l u t i o n .  Samples were e l u t e d  
f ro m  a 10 pm SAX HPLC column u s in g  a l i n e a r  g r a d i e n t  ( 0 -  
1 0 0 %) o f  ammonium f o r m a t e ,  f r a c t i o n s  ( 2  m l )  were c o l l e c t e d  
and mixed w i t h  O p t ip h a s e  ' S a f e ’ ( 8  m l )  f o r  d e t e c t i o n  by 
l i q u i d  s c i n t i l l a t i o n  c o u n t i n g .
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r a d i o a c t i v i t y  was b e in g  r e d i s t r i b u t e d  t o ,  so t o  exam ine  
f u r t h e r  t h e  p o s s i b i l i t y  o f  s e q u e s t r a t i o n  i t  became r o u t i n e  
t o  p e r f o r m  B l i g h  and Dyer  ( 1 9 5 9 )  e x t r a c t i o n s  on t h e  p e l l e t s  
o f  t h e  s a m p le s .  I n i t i a l  r e s u l t s  showed o n l y  background  
r a d i o a c t i v i t y  in  both  t h e  aqueous and o r g a n i c  l a y e r s ,  b u t  
v e r y  h ig h  c o u n ts  were r e c o r d e d  i n  t h e  resuspended  p e l l e t s .  
The i m p l i c a t i o n  was t h a t  t h e  r a d i o a c t i v i t y  was b e in g  
s e q u e s t e r e d  e i t h e r  by t h e  c h a rg e d  beads t h e m s e lv e s  o r  by 
some a s p e c t  o f  t h e  membrane p r e p a r a t i o n s  t h a t  was n o t  
a f f e c t e d  by t h e  e x t r a c t i o n  t e c h n i q u e .
To exam ine  f u r t h e r  t h e  p o s s i b i l t i y  t h a t  some e n z y m a t i c  
a c t i v i t y  was r e s p o n s i b l e  f o r  t h e  d is a p p e a r a n c e  o f  t h e  
r a d i o a c t i v e  p ea ks ,  i t  was proposed t h a t  e v i d e n c e  c o u ld  be 
o b t a i n e d  i f  t h e  d e g r a d a t i o n  o f  I P - j  c o u ld  be i n h i b i t e d  by t h e  
p r e s e n c e  o f  l i t h i u m  io n s .  I t  was n e c e s s a ry  t h e r e f o r e  t o  
d e m o n s t r a t e  t h e  d e g r a d a t i o n  o f  I P - j  u s in g  membrane 
p r e p a r a t i o n s . The r e s u l t  ( F i g .  3 . 4 0 )  shows t h e  c o n t i n u o u s  
r e d u c t i o n  o f  t h e  I P - j  peak w i t h  t i m e .  T h e re  was a l s o  a 
c o i n c i d e n t  r i s e  in  t h e  r a d i o a c t i v i t y  in  i n o s i t o l ,  b u t  i t  d i d  
n o t  r e f l e c t  t h e  same m a g n i tu d e  o f  r a d i o a c t i v i t y  i n  t h e  
o r i g i n a l  I P - j  peak .  The d e g r a d a t i o n  o f  e x o g e n o u s ly  added I P - j  
was d e m o n s t r a t e d  by membrane p r e p a r a t i o n s  b u t  a number o f  
f a c t o r s  s u g g e s te d  t h a t  e n z y m a t i c  a c t i v i t y  was n o t  i n v o l v e d .  
The h e i g h t  o f  t h e  f i n a l  i n o s i t o l  'p e a k *  i s  l e s s  th a n  h a l f  o f  
t h e  o r i g i n a l  I P - j  pe a k .  I f  t h e  breakdown was p u r e l y  enzyme-  
d e r i v e d ,  t h e  i n o s i t o l  peak h e i g h t  would have been 
a p p r o x i m a t e l y  equ a l  t o  t h e  TO min I P - j  peak .  A l s o ,  I P - j  
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F i g .  3 . 4 0 .  I P 1 Phosphatase  Assay Us ing  I s o l a t e d  Membranes
I s o l a t e d  p lasma membranes ( M a t e r i a l s  and Methods 2 . 1 4 )  were 
i n c u b a te d  w i t h  1 4 C-IP-| ( 0 . 0 3  pCi ) f o r  60 min a t  25 °C. 
Samples ( 0 . 5  m l )  were removed p r i o r  t o  m i x i n g ,  th e n  0, 30 
and 60 min a f t e r .  R e a c t io n s  were h a l t e d  by t h e  a d d i t i o n  o f  
an equa l  vo lume o f  i c e - c o l d  p y r i d i n e  s o l u t i o n  (see  t e x t ) .  
Samples were e l u t e d  f ro m  10 cm Dowex r e s i n  co lumns u s in g  a 
l i n e a r  g r a d i e n t  ( 0 - 1 0 0 %) o f  NH4 H2 PO4  and f r a c t i o n s  ( 2  m l )  
were c o l l e c t e d  and m ixed w i t h  O p t ip h a s e  ' S a f e ’ f o r  d e t e c t i o n  
by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g .
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f r a c t i o n  o f  t h e  c e l l  (Downes e t  a l . ,  198 9 )  and such a h ig h  
l e v e l  o f  ph o s p h a ta s e  a c t i v i t y  was n o t  e x p e c t e d .  F u r t h e r m o r e ,  
i t  was n o t  p o s s i b l e  t o  i n h i b i t  t h i s  r e a c t i o n  by l i t h i u m  io n s  
a t  a f i n a l  c o n c e n t r a t i o n  o f  1 2 . 5  mM. L i t h i u m  io n s  in  an I P 3 
pho sp h a tase  assay  were a l s o  c o m p l e t e l y  i n e f f e c t u a l .  I t  was 
c on c lu ded  t h a t  t h e  o b s e rv e d  a c t i v i t y  was due t o  s e q u e s t e r i n g  
o f  r a d i o a c t i v i t y ,  so e x p e r i m e n t s  were done t o  d e t e r m in e  i f  
t h e  charg ed  beads o r  t h e  membranes were r e s p o n s i b l e .
I n  and a t t e m p t  t o  n e g a te  t h e  c h a rg e  on t h e  c a t i o n i c  beads,  
t h e  membrane p r e p a r a t i o n s  were d o u b le  washed p r i o r  t o  l y s i s  
w i t h  c o a t i n g  b u f f e r  c o n t a i n i n g  p o l y a c r y l i c  a c i d  (s e e  
M a t e r i a l s  and Methods 2 . 1 4 ) .  T h i s  had no e f f e c t  in  an I P 3 
pho spha tase  assay  b u t  was a d o p te d  as r o u t i n e .  I t  was s t i l l  
no t  known i f  t h e  beads w ere  r e s p o n s i b l e  f o r  t h e  s e q u e s t e r i n g  
o f  t h e  r a d i o a c t i v i t y  so t o  e l i m i n a t e  a l l  p o s s i b l e  enzyme  
a c t i v i t y ,  a membrane p r e p a r a t i o n  was b o i l e d  f o r  15 min 
b e f o r e  b e in g  used in  an I P 3 p h o s p h a ta s e  a s s a y .  B o i l i n g  had 
no e f f e c t  on t h e  r e s u l t  and enzyme a c t i v i t y  was c o m p l e t e l y  
e x o n e r a t e d .  I n  a f i n a l  e x p e r i m e n t  t o  exam ine  t h e  p o s s i b i l i t y  
t h a t  t h e  r a d i o a c t i v i t y  was t a k e n  up by t h e  l i p i d s ,  a B l i g h  
and Dyer  ( 1 9 5 9 )  e x t r a c t i o n  was p e r f o r e d  on a membrane 
p r e p a r a t i o n  p r i o r  t o  a s s a y .  T h i s  a g a in  had no e f f e c t  on t h e  
r e s u l t  o f  an I P 3 p h o s p h a ta s e  a s s a y .  I t  was c o n c lu d e d  t h a t  i f  
s e q u e s t e r i n g  o f  t h e  r a d i o a c t i v i t y  o c c u r r e d  even in  t h e  
absence o f  l i p i d s ,  t h e  c a t i o n i c  beads must have been 
r e s p o n s i b l e .  I t  was n o t  p o s s i b l e  t o  d e m o n s t r a t e  any g e n u in e  
enzyme a c t i v i t y  u s in g  t h i s  m ethodo logy  -  no e v i d e n c e  had 
been o b t a i n e d  t o  p ropose  t h e  e x i s t e n c e  o f  an i n o s i t o l
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p h o sp h a te  d e g r a d a t i o n  pa thway  and so no f u r t h e r  e x p e r i m e n t s  
o f  t h i s  t y p e  were  p e r f o r m e d .
3.8 . 2_iQYe.S-t.i gati on. of  Var 1 ous ProductiQ n..-S.ta ges. ..of. Membrane
P r e p a r a t i o n s  f o r  t h e  P re s e n c e  o f  I P 3 P h ospha tas e  A c t i v i t y
A l th o u g h  i t  had been i m p o s s i b l e  t o  use c a t i o n i c  b e a d - d e r i v e d  
c e l l  p r e p a r a t i o n s  f o r  t h e  a ssa y  o f  p o t e n t i a l l y  p r e s e n t  
i n o s i t o l  p h o s p h a te  p h o s p h a ta s e  enzymes, t h e  method was 
i n v e s t i g a t e d  f u r t h e r  f o r  tw o  r e a s o n s .  Y e a s t  c e l l s  were  
s u b j e c t e d  t o  a number o f  d i f f e r e n t  t r e a t m e n t s  d u r i n g  t h e  
p r o d u c t i o n  o f  t h e  membrane p r e p a r a t i o n s  and p e r i o d i c a l l y  
e x i s t e d  i n  s e v e r a l  d i s t i n c t  i n t e r m e d i a t e  c o n d i t i o n s .  I t  was 
n o t  known i f  any o f  t h e  i n t e r m e d i a t e  s t a g e s ,  b e f o r e  a d d i t i o n  
o f  t h e  c h a rg e d  m i c r o - b e a d s ,  c o u l d  be used as a p o s s i b l e  
enzyme s o u r c e .  Thus,  e x p e r i m e n t s  were p e r fo rm e d  u s i n g  c e l l s  
p re p a re d  u s in g  t h e  same m e th o d o lo g y  as p r e v i o u s l y ,  b u t  t h e  
t e c h n i q u e  was h a l t e d  a t  a number o f  d i f f e r e n t  s t a g e s  b e f o r e  
i n t r o d u c t i o n  o f  t h e  beads.  I t  was th e n  p o s s i b l e  t o  
i n v e s t i g a t e  y e a s t  c e l l  p r e p a r a t i o n s  f o r  p h o s p h a ta s e  a c t i v i t y  
and d e f i n e  t h e  c o n d i t i o n s ,  i f  a n y ,  i n  w h ic h  s e q u e s t e r i n g  o f  
r a d i o a c t i v i t y  o c c u r r e d .
F i r s t ,  t h e  p r e p a r a t i o n  p r o c e d u r e  was h a l t e d  a t  t h e  
s p h a e r o p l a s t  p r o d u c t i o n  s t a g e ,  and l y s e d  c e l l s  were  used as 
t h e  enzyme s o u r c e .  Chromatograms showed t h e  c o n t i n u o u s  
r e d u c t i o n  o f  t h e  I P 3  peak w i t h  t i m e  ( F i g .  3 . 4 1 ) .  T h i s  was 
c o i n c i d e n t  w i t h  i n c r e a s e s  i n  b o th  t h e  I P 2 and IP-j p e a k s ,  
s u g g e s t i n g  t h e  breakdown o f  I P 3 was o c c u r r i n g  v i a  a
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F i g .  3 . 4 1 .  I P 3  Phospha tase  Assay U s in g  S p h a e r o p la s t s
The p r o d u c t i o n  o f  i s o l a t e d  membranes was h a l t e d  a t  t h e  
s p h a e r o p l a s t  s t a g e ,  and th e s e  were l y s e d  by r e s u s p e n s io n  i n  
ph ospha tase  assay b u f f e r .  I P 3  p hospha tase  a c t i v i t y  was 
assayed as d e s c r ib e d  p r e v i o u s l y  and samples  were a n a ly s e d  by 
e l u t i o n  f ro m  10 cm Dowex a n io n  exchange co lumns c o n n e c te d  t o  
th e  HPLC. F r a c t i o n s  (2 m l )  were  c o l l e c t e d  and m ixed w i t h  
O p t ip h a s e  ' S a f e ’ f o r  d e t e c t i o n  by l i q u i d  s c i n t i l l a t i o n .
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degradation pathway through the lower in o s i t o l  phosphates.  
The increase in I P 2  and IP-j in response to  a decrease in  I P 3  
had not p re v io u s ly  been recorded and in f e r r e d  the e x is te n c e  
of a s p e c i f i c  IP 3  phosphatase enzyme. The a c t i v i t y  was 
confirmed in a repeat  experiment in which an e s s e n t i a l l y  
i d e n t ic a l  r e s u l t  was ob ta ined .
The sphaeroplast  supernatant was a ls o  assessed f o r  I P 3  
phosphatase a c t i v i t y .  Fo l lowing harvest  o f  the sphaeroplasts  
by c e n t r i f u g a t i o n ,  a sample o f  the supernatant ( 1 . 5  ml )  was 
taken and used as the enzyme source. An IP 3  phosphatase 
assay was performed e x a c t ly  as described above and samples 
were e lu ted  from 10 cm Dowex anion exchange columns. The 
r e s u l t  a lso  showed the continuous degradation o f  the I P 3  
peak w ith  t im e.  In  t h i s  experiment however, th e re  was no 
concomitant increase in  any o f  the lower phosphates. The 
r e s u l t  was very rem in iscent  o f  the e a r l i e r  blank IP 3  
phosphatase assay ( F i g .  3 . 3 8 )  and was not thought to  
demonstrate genuine enzymatic degradation o f  the  H - IP 3  
t r a c e r .  During the i s o l a t i o n  o f  plasma membranes, the  
sphaeroplasts  were washed in coat in g  b u f fe r  ( 1 . 2  M s o r b i t o l ,  
25 mM sodium a c e ta te ,  0.1 M KC1, pH 6 . 0 )  and i t  i s  b e l ie v e d  
t h a t  the pH o f  the s o lu t io n  was responsib le  f o r  the observed  
degradation o f  the IP 3  peak. I t  had a lready  been shown 
(c hap te r  3 . 8 . 1 )  t h a t  H - I P 3  was unstable  in b u f fe rs  o f  pH 
below 7 .0  and s i m i l a r  re a c t io n  p r o f i l e s  had been observed.  
The r e s u l t  was confirmed in a repeat  experiment but 
sphaeroplast  supernatant  was not considered f o r  f u r t h e r  
i n v e s t ig a t io n  of IP 3  phosphatase a c t i v i t y .
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The p r e p a r a t i o n  c o u ld  a l s o  be h a l t e d  a t  a s t a g e  when b e a d -  
f r e e  membranes w ere  i s o l a t e d ,  and t h e s e  t o o  were used as a 
p o t e n t i a l  enzyme s o u r c e .  The b e a d - f r e e  membranes (BFM) w ere  
h a r v e s t e d  by c e n t r i f u g a t i o n  and resuspended  in  30 mM HEPES/3  
mM MgCl2 b u f f e r  ( 1 . 5  m l ) .  The p h o sp h a tase  assay  was 
p e r fo r m e d  and t h e  r e s u l t  ( F i g .  3 . 4 2 )  showed a s i m i l a r  t r e n d  
t o  t h a t  o b t a i n e d  i n  t h e  s p h a e r o p l a s t  e x p e r i m e n t .  A 
d e g r a d a t i o n  o f  I P 3  was r e c o r d e d ,  c o i n c i d e n t  w i t h  i n c r e a s e s  
i n  I P - j  and I P 2 . The t r i s p h o s p h a t e  i s  seen t o  d e c r e a s e  
c o n t i n u o u s l y  w i t h  t i m e  w h i l s t  bo th  I P - j  and I P 2  show a r a p i d  
i n c r e a s e  w i t h i n  t h e  f i r s t  few seconds o f  t h e  a s s a y .  The I P 2  
th e n  b e g in s  t o  red u c e  s l o w l y  in  c o n c e n t r a t i o n ,  p re s u m a b ly  as 
i t  i s  dephosphory  1 a t e d  t o  I P 1 . The I P - j  c u r v e  shows an 
i n c r e a s e  u n t i l  30 m in ,  t h e n  d e c r e a s e s .  A s i m i l a r  r e s u l t  i s  
seen f o r  t h e  s p h a e r o p l a s t  a s s a y ,  bo th  I P -j and I P 2  i n c r e a s e  
r a p i d l y  a t  f i r s t ,  th e n  t h e  r e a c t i o n  r a t e s  became 
c o n s i d e r a b l y  s l o w e r .  A d e c r e a s e  in  t h e  l e v e l  o f  I P 2  o c c u r s  
a f t e r  30 min in  t h e  s p h a e r o p l a s t  r e s u l t ,  and a l t h o u g h  a 
d e c r e a s e  i n  I P - j  was n o t  see n ,  t h i s  was p r o b a b l y  due t o  t h e  
ass ay  n o t  b e in g  run f o r  long  enough.  Both r e s u l t s  p r o v i d e  
good e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  a p h o s p h a ta s e  d e g r a d a t i o n  
pathway f o r  t h e  i n o s i t o l  p h o sp h a tes  in  y e a s t .  P e rh ap s  t h e  
r e d u c t i o n  in  I P 3  w i t h  t i m e  i s  a t t r i b u t e d  t o  a rando m ly  
a c t i n g  n o n - s p e c i f i c  p h o s p h a ta s e  enzyme; t h i s  c o u ld  a l s o  
a c c o u n t  f o r  t h e  i n c r e a s e s  in  t h e  lo w e r  i n o s i t o l  p h o s p h a te  
c o n c e n t r a t i o n s .  The f a c t  t h a t  both  I P 2  and I P - j  show a r a p i d  
i n c r e a s e  f o l l o w e d  by a d e c r e a s e  i m p l i e s  more s p e c i f i c  
a c t i v i t y ,  s u g g e s t i n g  t h a t  I P 3  i s  f i r s t  c o n v e r t e d  t o  I P 2 , and 
t h a t  t h i s  i s  t h e n  dephosphory  1 a t e d  t o  I P - j  . T h i s  i s  w e l l
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F i g .  3 . 4 2 .  I P 3  Phospha tase  Assay U s in g  Bead F ree  Membranes
The p r o d u c t i o n  o f  i s o l a t e d  membranes was h a l t e d  a t  th e  s ta g e  
o f  bead f r e e  membranes and t h e s e ,  when resuspended in  assay  
b u f f e r  were used as an enzyme s o u rc e .  The phosphatase  assay  
was per fo rm ed  as d e s c r ib e d  (s e e  t e x t )  and samples were  
a n a ly s e d  by e l u t i o n  f rom 10 cm Dowex an io n  exchange columns.  
F r a c t i o n s  (2  m l )  were c o l l e c t e d  and mixed w i t h  O p t ip h a s e  
' S a f e ’ ( 8  m l )  f o r  d e t e c t i o n  by l i q u i d  s c i n t i l l a t i o n  
c o u n t i  n g .
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d e m o n s t r a t e d  i n  t h e  r e s u l t  o b t a i n e d  w i t h  s p h a e r o p l a s t s  where  
I P 2 b e g in s  t o  d e c r e a s e  a f t e r  30 min b u t  t h e  IP-j l e v e l  
i s  s t i l l  i n c r e a s i n g ,  s u g g e s t i n g  t h a t  t h e  r e d u c t i o n  in  I P 2 
was c o n t r i b u t i n g  t o  t h e  p r o d u c t i o n  o f  I P 1 .
The s u p e r n a t a n t  f ro m  t h e  p r e p a r a t i o n  o f  t h e  b e a d - f r e e  
membranes was a l s o  i s o l a t e d  and used as a p o t e n t i a l  enzyme
O
s o u r c e .  A sam ple  ( 1 . 5  m l )  was mixed w i t h  H - I P 3 ( 0 . 0 4  p C i ) 
i n  1 . 5  ml o f  30 mM HEPES/3 mM MgCl2 s o l u t i o n  and in c u b a te d  
a t  25 °C w i t h  s h a k in g  ( 1 2 0  RPM). The f i r s t  r e s u l t  was 
ambiguous and d i d  n o t  i n d i c a t e  t h e  p r e s e n c e  o r  absence o f  a 
d e g r a d a t i o n  p a th w a y .  A d e c r e a s e  i n  I P 3 was seen in  t h e  f i r s t  
few  seconds o f  t h e  a s s a y ,  b u t  no f u r t h e r  d e c r e a s e  o c c u r r e d  
d u r i n g  t h e  n e x t  60 m in .  No e v i d e n c e  was p r o v i d e d  f o r  an I P 3 
p h o s p h a ta s e  enzyme i n  t h i s  s a m p le .  S i m i l a r l y ,  bo th  I P 2 and 
IP-j showed a s m a l l  and r a p i d  i n c r e a s e  i m m e d ia t e l y  a f t e r  
m i x i n g ,  b u t  no f u r t h e r  i n c r e a s e  was r e c o r d e d  u n t i l  a f t e r  30 
m in .  The p r o f i l e  d i d  n o t  re s e m b le  th o s e  o b t a i n e d  u s in g  
s p h a e r o p l a s t s  and BFMs and d i d  n o t  show t h e  e x p e c te d  
c h a r a c t e r i s t i c s  f o r  a d e g r a d a t i o n  sys tem .  A d u p l i c a t e  
e x p e r i m e n t  was p e r f o r m e d  t o  c o n f i r m  t h e  r e s u l t  b u t  d i f f e r e n t  
o b s e r v a t i o n s  w ere  made. The p r o f i l e s  i l l u s t r a t e d  in  F i g .
3 . 4 3  w ere  more l i k e  t h o s e  o b t a i n e d  u s in g  BFMs and 
s p h a e r o p l a s t s . The l e v e l  o f  I P 3 d e c re a s e d  t h r o u g h o u t  t h e  
a s s ay  and b o th  IP-j and I P 2 showed c o n t i n u o u s  i n c r e a s e s .  I t  
was n o t  p o s s i b l e  t o  e x p l a i n  t h e  v e r y  d i f f e r e n t  r e s u l t s  
o b t a i n e d  u s in g  t h e  same p r e p a r a t i o n s  bu t  i t  was t h o u g h t  t h a t  
t h e  a c t i v i t y  seen was d e r i v e d  f ro m  s o l i d  BFM m a t e r i a l  
r e m a i n in g  in  t h e  s u p e r n a t a n t .  The u n r e p e a t a b i l i t y  o f  t h e
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IP1 -B -IP 2  -©“ IP3
F i g .  3 . 4 3 .  Repeat  I P 3 Phosphatase  Assay Us ing  BFM 
S u p e r n a t a n t .
The m e th o do lo gy  was e x a c t l y  as d e s c r i b e d  f o r  F i g .  3 .4 2
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assay  and t h e  f a c t  t h a t  no d e c r e a s e  in  I P 2 o r  IP-j was 
r e c o r d e d  made t h e  BFM s u p e r n a t a n t  an u n r e l i a b l e  enzyme  
s o u r c e .  Even i f  t h e  p h o s p h a ta s e s  were p r e s e n t ,  as su g g e s te d  
i n  t h e  d u p l i c a t e  e x p e r i m e n t ,  t h e  r e a c t i o n s  ap p e a re d  t o  be 
s l o w e r  t h a n  t h o s e  seen u s in g  o t h e r  p r e p a r a t i o n s . No f u r t h e r  
e x p e r i m e n t s  w ere  p e r fo r m e d  u s in g  t h e  BFM s u p e r n a t a n t  as a 
p o t e n t i a l  enzyme s o u r c e .
A f i n a l  e x a m i n a t i o n  was made u s in g  t h e  s u p e r n a t a n t  o f  
s p h a e r o p l a s t s  t h a t  had been c o a te d  w i t h  m i c r o - b e a d s ,  th e n  
l y s e d  as d e s c r i b e d  in  M a t e r i a l s  and Methods 2 . 1 4 .  An assay  
o f  1 . 5  ml o f  t h e  s u p e r n a t a n t  was p e r fo rm e d  as usu a l  b u t  
t h e r e  was no o v e r a l l  d e c r e a s e  in  t h e  l e v e l  o f  I P 3 and no 
i n c r e a s e s  were r e c o r d e d  f o r  e i t h e r  I P 2 and IP-) . T h e re  was no 
a p p a r e n t  breakdown o f  t h e  t r a c e r  and t h e  c e l l s  ap p e a re d  t o  
have l o s t  any e n z y m a t i c  a c t i v i t y  t h e y  may have possessed by 
t h i s  s t a g e .  A t  no s t a g e  was t h e r e  any i n d i c a t i o n  t o  s u g g e s t  
t h a t  t h e  r a d i o a c t i v i t y  was b e in g  s e q u e s t e r e d  by an enzyme.  
T h i s  gave f u r t h e r  s u p p o r t  t o  t h e  t h e o r y  t h a t  t h e  
r a d i o a c t i v i t y  was a b s o rb ed  by t h e  beads,  and w ere  u n s u i t a b l e  
f o r  t h e  assay  o f  p h o s p h a ta s e  a c t i v i t y .  T h r o u g h o u t  t h e  assays  
how ever ,  e v i d e n c e  had been o b t a i n e d  t o  i n d i c a t e  t h e  p r e s e n c e  
o f  pho sp h a tase  a c t i v i t y  in  y e a s t  c e l l  p r e p a r a t i o n s . I t  was 
p o s s i b l e  t h a t  an i n o s i t o l  pho sphate  d e g r a d a t i o n  pathway was 
p r e s e n t  in  Sacch.  c e r e v i s i a e  and t o  i n v e s t i g a t e  f u r t h e r ,  a 
s e t  o f  e x p e r im e n t s  was p la n n e d  t o  assay  p o t e n t i a l  
p h o s p h a ta s e  a c t i v i t y  and a n a l y s e  t h e  r e s u l t s  u s in g  HPLC 
a n io n  exchange co lum ns.  S p h a e r o p l a s t s  and BFMs w ere  s e l e c t e d  
as t h e  enzyme s o u rc e s  as t h e s e  had p r o v i d e d  t h e  b e s t
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e v i d e n c e  f o r  t h e  sys te m ,  and HPLC was used t o  a n a l y s e  t h e  
sam ples  t o  p r o v i d e  b e t t e r  s e p a r a t i o n  o f  t h e  peaks and g i v e  
more a c c u r a t e  and r e l i a b l e  r e s u l t s .
The f i r s t  o f  t h e s e  e x p e r i m e n t s  was p e r fo rm e d  u s in g  
s p h a e r o p l a s t s , and t h e  r e s u l t  ( F i g .  3 . 4 4 )  gave f u r t h e r  
s u p p o r t  t o  t h e  p r e s e n c e  o f  t h e  d e g r a d a t i o n  pa th w a y .  A l t h o u g h  
t h e  r a t e  o f  r e a c t i o n  ap p e a re d  q u i t e  s lo w ,  t h e r e  was a 
r e d u c t i o n  in  t h e  l e v e l  o f  I P 3  t h r o u g h o u t .  T h i s  c o r r e s p o n d e d  
t o  i n c r e a s e s  in  I P 2  and I P - j  a t  3 0  min and 6 0  m in .  U s in g  t h i s  
method,  i t  was p o s s i b l e  t o  m o n i t o r  v a r i a t i o n s  i n  t h e  l e v e l  
o f  f r e e  i n o s i t o l  i n  a d d i t i o n  t o  t h e  i n o s i t o l  p h o s p h a t e s .  The  
r e s u l t  showed an i n c r e a s e  i n  t h e  l e v e l  o f  i n o s i t o l  d u r i n g  
t h e  i n c u b a t i o n .  T h i s  c o u ld  be d e s c r ib e d  as an e x p e c t e d  
r e s u l t  because IP-j i s  f i n a l l y  dephosphory  1 a t e d  t o  i n o s i t o l  
i n  o t h e r  known pa thw ays  b e f o r e  r e - e n t e r i n g  t h e  l i p i d  c y c l e .  
The i n c r e a s e  in  i n o s i t o l  in  respo nse  t o  t h e  d e c r e a s e  i n  I P 3 , 
v i a  t r a n s i e n t  changes in  I P 2  and I P ^  i s  t h e  p r e d i c t e d  r o u t e  
f o r  enzymes o f  t h e  i n o s i t o l  pho spha te  d e g r a d a t i o n  p a th w a y .  
The r e s u l t  was c o n f i r m e d  i n  a r e p e a t  e x p e r i m e n t  i n  w h ich  
e s s e n t i a l l y  i d e n t i c a l  r e a c t i o n  p r o f i l e s  were  o b s e r v e d  f o r  
a l l  t h e  i n o s i t o l  p h o s p h a t e s .  The f r a c t i o n s  c o n t a i n i n g  t h e  
f r e e  i n o s i t o l  were  c o l l e c t e d  s e p a r a t e l y  and a n a ly s e d  by gas  
c h ro m a to g ra p h y  ( M a t e r i a l s  and Methods 2 . 2 0 ) .  T h i s  was t o  
c o n f i r m  t h e  p r e s e n c e  o f  i n o s i t o l  in  t h e  sam ples  and  
e l i m i n a t e  t h e  p o s s i b i l i t y  t h a t  t h e  r a d i o a c t i v i t y  was b e in g  
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F i g .  3 . 4 4 .  S p h a e r o p la s t  I P 3  P hospha tase  Assay ,  HPLC A n a l y s i s
The p r o d u c t i o n  o f  i s o l a t e d  membranes was h a l t e d  a t  t h e  
s p h a e r o p l a s t  s t a g e ,  and t h e s e  were ly s e d  by r e s u s p e n s io n  in  
phosphatase  assay b u f f e r .  An assay was pe r fo rm ed  f o r  I P 3 
phosphatase  a c t i v i t y  as d e s c r ib e d  and samples were a n a ly s e d  
by e l u t i o n  f rom a 10 pm SAX HPLC an ion  exchange column.  
F r a c t i o n s  (2  m l)  were c o l l e c t e d  and mixed w i t h  O p t ip h a s e  
' S a f e ’ (8  m l)  f o r  d e t e c t i o n  by l i q u i d  s c i n t i l l a t i o n .
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A l th o u g h  o n l y  v e r y  s m a l l  peaks were  o b t a i n e d ,  sam ple  peaks  
c o - e l u t e d  w i t h  a s t a n d a r d  p r o f i l e  and t h e  p r e s e n c e  o f  
i n o s i t o l  i n  t h e  fo rm  o f  H - i n o s i t o l  was v e r i f i e d  ( d a t a  n o t  
shown) .
S i m i l a r  e x p e r im e n t s  w ere  p e r fo r m e d  u s in g  b e a d - f r e e  membranes 
as t h e  enzyme s o u r c e .  The p r i m a r y  r e s u l t  ( F i g .  3 . 4 5 )  showed  
t h a t  t h e  i n o s i t o l  pho spha te  p r o f i l e s  d i d  n o t  f o l l o w  t h e  
p a t t e r n s  seen p r e v i o u s l y .  The l e v e l  o f  i n o s i t o l  showed an 
i n i t i a l  d e c r e a s e ,  f o l l o w i n g  w h ic h  i t  rem a ined  r e l a t i v e l y  
c o n s t a n t .  No i n c r e a s e  was seen t h r o u g h o u t  t h e  e x p e r i m e n t  
which  was c o n t r a r y  t o  t h e  e x p e c t e d  r e s u l t .  T h e re  was a 
d e f i n i t e  d e c r e a s e  in  t h e  l e v e l  o f  I P 3  b u t  t h e  3 0  min I P 3  
l e v e l  was l e s s  th a n  a t  6 0  m in .  T h i s  was a l s o  u n e x p e c te d  and 
d i d  n o t  c o n f i r m  t h e  p r e v i o u s  r e s u l t s .  The t r a n s i e n t  
a p p e a ra n c e  o f  I P - j  a t  3 0  min was e v i d e n c e  f o r  t h e  sys tem  b u t  
t h i s  was n o t  s u p p o r te d  by t h e  l e v e l s  o f  I P 2 > w h ich  a p p e a r e d  
t o  f l u c t u a t e  d u r i n g  t h e  i n c u b a t i o n ,  showing no p a r t i c u l a r  
t r e n d .  I t  i s  p o s s i b l e  t h i s  was " o p e r a t o r - e r r o r " b u t  t h e  
e x p e r i m e n t  was n o t  r e p e a t e d .  B e t t e r  e v i d e n c e  f o r  t h e  
i n o s i t o l  pho spha te  d e g r a d a t i o n  pathway was o b t a i n e d  u s in g  
t h e  s p h a e r o p l a s t  s t a g e  o f  t h e  i s o l a t e d  membrane p r e p a r a t i o n  
m eth o d o lo g y .  The s p h a e r o p l a s t s  were  n o t  o n l y  e a s i e r  t o  
produce  b u t  a l s o  had t h e  a d v a n ta g e  o f  r e t a i n i n g  bo th  
c y t o s o l i c  and membrane f r a c t i o n s .  As t h e  s u b c e l l u l a r  
l o c a t i o n  o f  t h e  I P 3  p h o sp h a tase  was unknown, t h i s  was 
c o n s id e r e d  t o  be i m p o r t a n t .  The f a c t  t h a t  BFMs had a l r e a d y  
shown some e v i d e n c e  f o r  t h e  pathway b e in g  p r e s e n t  i n d i c a t e d  
some d e g re e  o f  c o n n e c t io n  t o  t h e  membrane, b u t  p h o s p h a ta s e s
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F i g .  3 . 4 5 .  BFM I P 3 Phosphatase  Assay,  HPLC A n a l y s i s
The p r o d u c t i o n  o f  i s o l a t e d  membranes was h a l t e d  a t  t h e  s ta g e  
o f  bead f r e e  membranes and t h e s e ,  when resuspended  i n  assay 
b u f f e r  were used as an enzyme s o u r c e .  The p h o sp h a ta se  assay 
was p e r fo rm e d  as d e s c r i b e d  (see  t e x t )  and samples  were 
a n a ly s e d  by e l u t i o n  f r o m  a 10 pm HPLC a n io n  exchange co lum n.  
F r a c t i o n s  (2 m l )  were c o l l e c t e d  and mixed w i t h  O p t ip h a s e  
' S a f e ’ ( 8  m l )  f o r  d e t e c t i o n  by l i q u i d  s c i n t i l l a t i o n  
c o u n t i  n g .
180
f o r  I P 2 and IP-| were  e x p e c t e d  t o  be more p r o m i n e n t l y  
c y t o s o l i c .  Both I P 2 and IP-j a r e  i n t e r m e d i a t e s  t h a t  a r e  
r e l e a s e d  s o l e l y  t o  t h e  c y t o p la s m  b e in g  h i g h l y  w a t e r  s o l u b l e  
and hence i t  was t h o u g h t  t h a t  t h e  m a j o r i t y  o f  t h e  enzymes 
r e s p o n s i b l e  f o r  t h e i r  breakdown would  a l s o  be c y t o s o l i c .  
A n a l y s i s  by e l u t i o n  f ro m  t h e  Dowex r e s i n  columns showed th e  
s p h a e r o p l a s t  p h o s p h a ta s e  ass ays  t o  g i v e  a g r e a t e r  y i e l d  o f  
I P 2 and IP-j and t h e  t u r n o v e r  p r o f i l e s  showed more e x p e c t e d  
b e h a v i o u r .  A ls o  in  f a v o u r  o f  t h e  s p h a e r o p l a s t s  was t h e  I P 3 
p r o f i l e  in  t h e  same r e s u l t  ( F i g .  3 . 4 1 ) ,  t h e  r e a c t i o n  r a t e  
was s t i l l  l i n e a r  a t  60 min .  The c o r r e s p o n d i n g  r e s u l t  f o r  
BFMs ( F i g .  3 . 4 2 )  showed t h e  I P 3 c u r v e  t o  be l e v e l l i n g  o u t  a t  
60 min and p o s s i b l y  r e a c h i n g  t h e  end o f  t h e  r e a c t i o n .  I t  was 
d e c id e d  t h e r e f o r e ,  t o  p e r f o r m  f u r t h e r  e x p e r im e n t s  u s in g  
s p h a e r o p l  a s t s  o n l y  as t h e  enzyme s o u r c e .  As a f i n a l  
i n v e s t i g a t i o n  i n t o  t h e  v a r i o u s  a s p e c t s  o f  t h e  ph o s p h a ta s e  
a s s a y s  u s in g  v a r i o u s  s t a g e s  o f  t h e  i s o l a t e d  membrane 
m e th o d o lo g y ,  t h e  s u p e r n a t a n t  f ro m  BFMs was exam ined u s in g  a 
nove l  t e c h n i q u e .  P r e v i o u s l y ,  a sample  was t a k e n  f ro m  t h e  
n e a t  s u p e r n a t a n t  and s u b s e q u e n t l y  a ss ayed .  I n  t h i s  
e x p e r i m e n t  t h e  s u p e r n a t a n t  was c e n t r i f u g e d  a t  4 0 , 0 0 0  x g f o r  
30 min a f t e r  Hanson ( 1 9 9 1 ) .  The r e s u l t i n g  p e l l e t  was t h e n  
resuspended  in  30 mM HEPES/3 mM MgCl2 b u f f e r  and used as t h e  
enzyme s o u r c e .  The assay  th e n  p roceded  as normal  f o r  2 
h o u rs .  The r e s u l t  ( F i g .  3 . 4 6 )  gave f u r t h e r  s u p p o r t  f o r  t h e  
use o f  s p h a e r o p l a s t s  as t h e  p r i n c i p a l  enzyme s o u r c e .  BFM 
s u p e r n a t a n t  i s  composed o f  t h e  c y t o s o l i c  f r a c t i o n  o f  t h e  
r u p t u r e d  c e l l s ,  and when t r e a t e d  by t h e  method o f  Hanson  
( 1 9 9 1 ) ,  showed t h a t  i n o s i t o l  pho sphate  d e g r a d a t i o n  enzymes
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F i g .  3 . 4 6 .  BFM S u p e r n a t a n t  I P 3 Phosphatase  Assay,  New Method
The p r o d u c t i o n  o f  i s o l a t e d  membranes was h a l t e d  a t  t h e  bead 
f r e e  membranes s t a g e ,  and t h e  s u p e r n a t a n t  was o b t a in e d  by 
c e n t r i f u g a t i o n .  T h i s  was f u r t h e r  c e n t r i f u g e d  f o r  30 min a t  
4 0 ,0 0 0  x g and th e  r e s u l t i n g  p e l l e t  was resuspended  i n  
p h o sp h a ta se  b u f f e r .  An I P 3  p h osp h a ta se  assay  was p e r fo rm e d  
as normal  (see  t e x t )  and samp les  were a n a ly s e d  by e l u t i o n  
f r o m  a 10 pm SAX HPLC co lum n .  C o l l e c t e d  f r a c t i o n s  (2 m l )  
were mixed w i t h  s c i n t i l l a n t  ( 8  m l )  f o r  r a d i o a c t i v e  c o u n t i n g .
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were p r e s e n t .  The l e v e l  o f  I P 3 showed a c o n t i n u o u s  d e c r e a s e ,  
w h i l s t  I P 2 and IP-j showed i n c r e a s e s  u n t i l  60 m in ,  th e n  
d e c r e a s e d .  I P 2 showed o n l y  a s l i g h t  d e c r e a s e  d u r i n g  t h e  
r e m a i n in g  t i m e ,  b u t  a t  90 min t h e  IP-j peak had v a n is h e d  
c o m p l e t e l y .  I t  was n o t  p o s s i b l e  t o  show t h e  changes in  
l e v e l s  o f  i n o s i t o l  as f r a c t i o n s  had t o  be c o l l e c t e d  f o r  
a n a l y s i s  by gas c h r o m a t o g r a p h y . Us ing  t h i s  method,  an I P 3 
ph o s p h a ta s e  assay  was p e r fo r m e d  u s in g  s p h a e r o p l a s t  
s u p e r n a t a n t  as t h e  enzyme s o u r c e .  The r e s u l t s  w ere  d i f f i c u l t  
t o  e x p l a i n ,  and d i d  n o t  p r o v i d e  any u s e f u l  i n f o r m a t i o n .
I t  was d e c id e d  t o  p e r f o r m  a l l  f u r t h e r  e x p e r i m e n t s  w i t h  
s p h a e r o p l a s t s  o n l y ,  and two o b j e c t i v e s  were e s t a b l i s h e d .  I t  
was c o n s id e r e d  i m p o r t a n t  t o  be a b l e  t o  d e m o n s t r a t e  
p h o sp h a tase  a c t i v i t y  u s in g  d i f f e r e n t  i n o s i t o l  ph o s p h a te s  as 
t h e  s u b s t r a t e s .  B e t t e r  e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  t h e  
d e g r a d a t i o n  pathway c o u ld  be g i v e n  i f  I P 1 p r o d u c t i o n  c o u ld  
be m o n i to r e d  in  respo nse  t o  I P 2 d e g r a d a t i o n ,  and i f  IP-j 
c o u ld  be d eg raded  s e p a r a t e l y .  T h i s  would h e l p  t o  d e m o n s t r a t e  
a s t e p w i s e  n a t u r e  t o  t h e  pathway and i m p l i c a t e  t h e  e x i s t e n c e  
o f  d i f f e r e n t  enzymes.  I t  was a l s o  i n t e n d e d  t o  run e x te n d e d  
I P 3 p h o sp h a tase  a s s a y s .  P r e v i o u s  e x p e r im e n t s  had been run  
f o r  a maximum o f  2 h ou rs  and t h e  c o m p le te  d e g r a d a t i o n  o f  I P 3 
t o  a b a s e l i n e  l e v e l  had n e v e r  been seen .  I f  e x o g e n o u s ly  
added I P 3 c o u ld  be t o t a l l y  b roken  down by a c e l l  p r e p a r a t i o n  
th e n  i t  would  be p o s s i b l e  t o  g a i n  some d a t a  a b o u t  t h e  
s p e c i f i c  a c t i v i t y  o f  t h e  enzyme.
1 8 3
To i n v e s t i g a t e  I P 2 p h o s p h a ta s e  a c t i v i t y ,  s p h a e r o p l a s t s  were
o
p r e p a r e d  and mixed w i t h  a s o l u t i o n  o f  H - I P 2 ( 0 . 1 0  p C i ) in  
30 mM HEPES/3 mM MgCl2 b u f f e r .  The r e s u l t  ( F i g .  3 . 4 7 )  
i m p l i e d  s t r o n g l y  t h a t  an I P 2 p h o sp h a tase  enzyme was p r e s e n t .  
The I P 2 peak showed a c o n t i n u o u s  d e c re a s e  i n  c o n t r a s t  t o  t h e  
l e v e l  o f  f r e e  i n o s i t o l  t h a t  showed a c o i n c i d e n t  i n c r e a s e  
w i t h  t i m e .  An IP-j peak was p r e s e n t  a lm o s t  i m m e d ia t e l y  a f t e r  
m ix in g  t h e  s u b s t r a t e  and enzyme so u rc e  and rem ained  e l e v a t e d  
u n t i l  30 m in .  By 60 m in ,  t h e  IP-j l e v e l  showed a d e c r e a s e .  
E v id e n c e  was p r o v i d e d  f o r  bo th  I P 2 and IP-j ph o s p h a ta s e  
a c t i v i t y ,  s u p p o r t i n g  t h e  o b s e r v a t i o n s  made in  t h e  I P 3 
ph o s p h a ta s e  a s s a y s .  The d e g r a d a t i o n  o f  t h e  I P 2 ap p e a re d  t o  
have o c c u r r e d  more r a p i d l y  th a n  I P 3 had been broken  down in  
p r e v i o u s  a s s a y s .  I t  was n o t  p o s s i b l e  t o  q u a n t i f y  t h i s  
because p r o t e i n  c o n c e n t r a t i o n s  had n o t  been c a l c u l a t e d  f o r  
t h e  s p h a e r o p l a s t s  b u t  a h i g h e r  r a t e  o f  r e a c t i o n  was o b s e rv e d  
f o r  I P 2 p h o s p h a ta s e .  T h i s  su g g e s te d  t h a t  I P 2 p h o sp h a tase  may 
have a h i g h e r  s p e c i f i c  a c t i v i t y  f o r  i t s  s u b s t r a t e  th a n  I P 3 
p h o s p h a ta s e ,  o r  t h a t  t h e  method i s  more s u i t e d  t o  t h e  
i s o l a t i o n  o f  I P 2 p h o s p h a t a s e .  I f  t h i s  r e s u l t  a c c u r a t e l y  
r e p r e s e n t e d  i n o s i t o l  p h o s p h a te  pho sp h a tase  a c t i v i t y  in  
y e a s t ,  i t  may im p ly  t h a t  I P 2 i s  a more i m p o r t a n t  
i n t e r m e d i a t e  th a n  I P 3 i n  Sacch.  c e r e v i s i a e  and t h e  
m e ta b o l is m  i s  g e a re d  t o  rem oving  I P 2 i n s t e a d  o f  I P 3 . T h i s  
would  s u p p o r t  t h e  f a c t  t h a t  I P 3 rem ained  u n d e t e c t a b l e  f ro m  a 
y e a s t  c e l l  e x t r a c t  and ,  may i m p l i c a t e  I P 2 as a second  
messenger  i n s t e a d  o f  I P 3 .
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F i g .  3 . 4 7 .  S p h a e r o p l a s t  I P 2 Phosphatase  Assay
The p r o d u c t i o n  o f  i s o l a t e d  membranes was h a l t e d  a t  t h e  
s p h a e r o p l a s t  s t a g e ,  and t h e s e  were l y s e d  by r e s u s p e n s io n  i n  
p h o sp h a ta se  assay b u f f e r .  An assay was p e r fo rm e d  f o r  IP 2 
p h o sp h a ta se  a c t i v i t y  ( u s i n g  th e  I P 3 p h o sp h a ta se  assay 
m e th o d o lo g y )  and samples  were a n a ly s e d  by e l u t i o n  f ro m  a 1 0  
pm SAX HPLC a n io n  exchange co lum n .  F r a c t i o n s  (2 m l )  were 
c o l l e c t e d  and mixed w i t h  O p t ip h a s e  ' S a f e ’ ( 8  m l )  f o r  
d e t e c t i o n  by l i q u i d  s c i n t i l l a t i o n .
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A n o th e r  e x p e r i m e n t  was p e r fo r m e d  w i t h  14C-IP- |  . The IP-j peak  
was d eg raded  w i t h  t i m e  ( F i g .  3 . 4 8 )  w i t h  a c o n c o m i t a n t  
i n c r e a s e  i n  t h e  l e v e l  o f  i n o s i t o l  ( d a t a  n o t  show n) .  T h i s  
i m p l i e d  t h a t  an IP-j ph o s p h a ta s e  was p r e s e n t  and f u l l y  
s u p p o r te d  t h e  p r e v i o u s  r e s u l t s .  The assays  had r e p e a t e d l y  
shown d e g r a d a t i o n  o f  t h e  s u b s t r a t e  w i t h  c o i n c i d e n t  i n c r e a s e s  
i n  t h e  l e v e l s  o f  lo w e r  i n o s i t o l  p h o sphates  and i n o s i t o l .
T h i s  was t h o u g h t  t o  p r o v i d e  an e x c e l l e n t  i n d i c a t i o n  f o r  t h e  
e x i s t e n c e  o f  an i n o s i t o l  ph o sp h a te  d e g r a d a t i o n  pathway i n  
t h e  y e a s t  Sacch.  c e r e v i s i a e .
q
Exten ded  p h o s p h a ta s e  ass ays  were  run w i t h  H - I P 3 t o  t r y  and  
m o n i t o r  t h e  r a t e  o f  d e g r a d a t i o n  o f  t h e  e x o g e n o u s ly  added  
t r i s p h o s p h a t e . The e x p e r i m e n t s  were p e r fo rm e d  as p r e v i o u s l y  
d e s c r i b e d  b u t  t h e  i n c u b a t i o n  p e r i o d s  were i n c r e a s e d  t o  a 
maximum o f  4 h o u rs .  D u r in g  t h e s e  i n v e s t i g a t i o n s ,  o n l y  t h e  
I P 3 peak i t s e l f  was c o n s i d e r e d ,  so a n a l y s i s  o f  t h e  sam ples  
was by e l u t i o n  f ro m  10 cm Dowex r e s i n  co lum ns.  I n  t h e  f i r s t
q
e x p e r i m e n t  0 . 0 8  pCi o f  ° H - I P 3 was degraded t o  l e s s  t h a n  20% 
o f  i t s  o r i g i n a l  l e v e l  d u r i n g  a 4 hour  i n c u b a t i o n .  I n  t h e  
r e p e a t  e x p e r i m e n t  how ever ,  an e q u a l  amount o f  t r a c e r  was 
t o t a l l y  broken  down i n  200 m in .  The d i f f e r e n c e  in  r e a c t i o n  
r a t e s  was p r o b a b l y  due t o  a d i f f e r e n c e  in  p r o t e i n  
c o n c e n t r a t i o n s ,  and t h e  v e r y  s low  n a t u r e  o f  t h e  r e a c t i o n s  
d i d  n o t  im p ly  a v e r y  h ig h  s p e c i f i c  a c t i v i t y  f o r  t h e  enzyme,  
o r  su g g e s te d  t h a t  t h e  p r o d u c t i o n  o f  s p h a e r o p l a s t s  d i d  n o t  
m a i n t a i n  t h e  i n t e g r i t y  o f  t h e  p r o t e i n .  However ,  s i n c e  a l m o s t  
t o t a l  d e g r a d a t i o n  o f  t h e  I P 3 peak was a c h ie v e d  in  4 h,  i t  
was d e c id e d  t o  run a s i m i l a r  e x p e r im e n t  and a n a l y s e  t h e
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F i g .  3 . 4 8 .  S p h a e r o p l a s t  IP-j Phosphatase  Assay
Sphaerop l  a s t s  were l y s e d  by r e s u s p e n s io n  i n  p h osp h a ta se  
assay  b u f f e r .  I P 1 p h o sp h a ta se  was assayed as p e r  I P 3 
p h o s p h a ta s e .  ^ C - I P - j  (0 .1  pCi i n  0 .3  ml assay b u f f e r )  was 
i n c u b a te d  w i t h  a 1 . 2  ml o f  t h e  y e a s t  s u s p e n s io n  f o r  1 h a t  
25 °C w i t h  s h a k in g  (120 RPM). Samples ( 0 . 5  m l )  were a n a ly s e d  
by e l u t i o n  f r o m  a 10 pm SAX HPLC a n io n  exchange co lumn.  
F r a c t i o n s  (2 m l )  were c o l l e c t e d  and mixed w i t h  O p t ip h a s e  
' S a f e ’ ( 8  m l )  f o r  d e t e c t i o n  by l i q u i d  s c i n t i l l a t i o n .
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samples u s in g  t h e  HPLC. I t  would  th e n  be p o s s i b l e  t o  m o n i t o r  
a c c u r a t e l y  t h e  t u r n o v e r  o f  t h e  i n o s i t o l  p h o s p h a te s  and  
i n o s i t o l  i t s e l f .  I t  became s t a n d a r d  p r o c e d u r e  a t  t h i s  p o i n t  
t o  wash t h e  s p h a e r o p l a s t s  3 t im e s  in  1 .2  M s o r b i t o l  ( 1 0  m l )  
b e f o r e  t h e y  were  resuspended  in  t h e  p h o sp h a tase  ass ay  
b u f f e r .  T h i s  was t o  e n s u re  t h a t  a l l  zym olyase  had been  
removed f ro m  c e l l  s u r f a c e s  and would  n o t  c o n t i n u e  t o  d i g e s t  
t h e  c e l l s  a f t e r  t h e  d e s i g n a t e d  i n c u b a t i o n  t i m e .  The i n i t i a l  
assay was run f o r  3 hou rs  and d e m o n s t r a te d  t h e  e x p e c t e d  
b e h a v i o u r  o f  i n o s i t o l  p h o sp h a te  t u r n o v e r  in  t h e  p r e s e n c e  o f  
a pho spha tase  d e g r a d a t i o n  pathway ( F i g .  3 . 4 9 ) .  The I P 3  peak  
was a lm o s t  c o m p l e t e l y  d eg raded  d u r i n g  t h e  i n c u b a t i o n  and 
reached  a b a s e l i n e  l e v e l .  The l e v e l  o f  f r e e  i n o s i t o l  
i n c r e a s e d  f o r  t h e  f i r s t  2 h o u rs ,  th e n  a p p eared  t o  have  
reached  a s t e a d y - s t a t e  w h ich  was a p p r o x i m a t e l y  e q u a l  t o  t h e  
I P 3  l e v e l  a t  z e r o  t i m e .  T h i s  was good e v i d e n c e  t h a t  t h e  
r a d i o a c t i v i t y  had been r e d i s t r i b u t e d  between t h e  
i n t e r m e d i a t e s  o f  t h e  d e g r a d a t i o n  pathw ay ,  and had n o t  been  
s e q u e s t e r e d  o r  r e l e a s e d  e l s e w h e r e .  The l e v e l  o f  I P 2 showed 
an im m ed ia te  i n c r e a s e  f o l l o w i n g  t h e  s t a r t  o f  t h e  r e a c t i o n .  
T h i s  can be a t t r i b u t e d  t o  t h e  breakdown o f  I P 3  and c o n t i n u e d  
t o  i n c r e a s e  u n t i l  t h e  T120 min sam ple .  F o l l o w i n g  t h i s  I P 2 
d e c re a s e d  t o  a b a s e l i n e  l e v e l  and ap p eared  t o  be f u l l y  
m e t a b o l i s e d .  An i n c r e a s e  i n  t h e  l e v e l  o f  I P - j  was n o t  seen  
u n t i l  l a t e r .  I f  I P - j  p r o d u c t i o n  was d ep enden t  on I P 2  
d e p h o s p h o r y l a t i o n ,  th e n  t h i s  was an e x p e c t e d  r e s u l t .  As t h e  
d e g r a d a t i o n  p roceeded  I P 2 was produced f i r s t ,  and t h i s  was 
th e n  broken  down t o  I P 1 . W i t h o u t  knowing t h e  s p e c i f i c  
a c t i v i t y  o f  t h e  r e l e v a n t  enzymes,  i t  must be assumed t h a t
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F i g .  3 . 4 9 .  T u rn o v e r  o f  t h e  Lower I n o s i t o l  Phosphates
The p r o d u c t i o n  o f  i s o l a t e d  membranes was h a l t e d  a t  t h e  
s p h a e r o p l a s t  s t a g e ,  and t h e s e  were lysed  by re s u s p e n s io n  in  
pho sphatase  assay b u f f e r .  An ex tend ed  assay was per fo rm ed  
f o r  I P 3 phosphatase  a c t i v i t y  as p r e v i o u s l y  d e s c r ib e d  and 
samples were a n a ly s e d  by e l u t i o n  f rom a 10 pm SAX HPLC an io n  
exchange column.  F r a c t i o n s  (2  m l)  were c o l l e c t e d  and mixed  
w i t h  O p t ip h a s e  ' S a f e 5 ( 8  m l)  f o r  d e t e c t i o n  by l i q u i d  
s c i  n t i 11a t i  o n .
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IP-j can o n l y  be produced f o l l o w i n g  t h e  f o r m a t i o n  and 
d e p h o s p h o r y l a t i o n  o f  I P 2 . O v e r a l l ,  t h e  e x p e r i m e n t  p r o v i d e d  
good e v i d e n c e  f o r  t h e  d e g r a d a t i o n  pathw ay .  R e p e a t  
e x p e r i m e n t s  were  p e r fo r m e d  t o  c o n f i r m  t h e  a c t i v i t y  and t h e  
same t r e n d s  w ere  o b v io u s  in  each i n v e s t i g a t i o n .  However ,  t h e  
r e a c t i o n s  c o u ld  n o t  be i n h i b i t e d  by l i t h i u m  io n s  a t  1 2 . 5  mM 
( f i n a l  c o n c e n t r a t i o n ) .  T h i s  was a l s o  no ted  i n  e a r l i e r  
e x p e r i m e n t s  u s in g  both  s p h a e r o p l a s t s  and BFMs i n  s h o r t e r  I P 3 
p h o s p h a ta s e  a s s a y s .  No i n h i b i t i o n  was r e c o r d e d  in  any  
p r e p a r a t i  o n .
3A s i m i l a r  e x p e r i m e n t  was p e r fo r m e d  w i t h  H - I P 2 as s u b s t r a t e .  
The a im  was t o  m o n i t o r  t h e  c o m p le te  d e g r a d a t i o n  o f  I P 2 u s in g  
t h e  washed s p h a e r o p l a s t s  as t h e  enzyme s o u r c e .  I n  p r e v i o u s  
I P 2 p h o s p h a ta s e  assays  t h e  breakdown o f  t h e  I P 2 peak  
a p p e a r e d  t o  o c c u r  more r a p i d l y  th a n  f o r  I P 3 . The p h o sp h a tase  
a ss a y  was t h e r e f o r e  o n l y  e x te n d e d  t o  2 h.  V e ry  good 
a g re e m e n t  was shown between d u p l i c a t e  assays  ( F i g .  3 . 5 0 ) ,  
b u t  i t  was n o t  p o s s i b l e  t o  show t h e  co m p le te  breakdown o f  
I P 2 . I n  a l l  o t h e r  r e s p e c t s ,  t h e  r e s u l t  was a n o t h e r  good 
d e m o n s t r a t i o n  o f  t h e  d e g r a d a t i o n  o f  i n o s i t o l  p h o sp h a tes  v i a  
p h o s p h a t a s e s .  The s u b s t r a t e  I P 2 was c o n t i n u o u s l y  degraded  
t h r o u g h o u t  t h e  i n c u b a t i o n  w h ich  was complemented by an 
i n c r e a s e  i n  f r e e  i n o s i t o l .  However ,  t h e  i n o s i t o l  
c o n c e n t r a t i o n  d i d  n o t  r i s e  t o  t h e  l e v e l  o f  I P 2 a t  z e r o  t i m e ,  
b u t  t h i s  i s  p r o b a b l y  due t o  t h e  r e a c t i o n s  b e in g  h a l t e d  a f t e r  
o n l y  2 h.  I t  i s  p o s s i b l e  t h a t  t h e  c u r v e s  would  have  
" e q u i l i b r a t e d "  i f  t h e  i n c u b a t i o n  had been a l l o w e d  t o  
c o n t i n u e .  The IP-j c u r v e  showed a sm a l l  b u t  q u i t e  r a p i d
190
Peak Area (A rb itra ry  U n its )
200
100
o 30 60 120
T im e /m in  
Inositol O IP1 □  IP2 X
F i g .  3 . 5 0 .  D u p l i c a t e  S p h a e r o p l a s t  I P 2 Phosphatase  Assay
The p r o d u c t i o n  o f  i s o l a t e d  membranes was h a l t e d  a t  t h e  
s p h a e r o p l a s t  s t a g e ,  and t h e s e  were 1 ysed by r e s u s p e n s io n  i n  
p h o sp h a ta se  assay b u f f e r .  A d u p l i c a t e  assay was p e r fo rm e d  
f o r  I P 2 p h o sp h a ta se  a c t i v i t y  ( u s i n g  t h e  I P 3 phosp h a ta se  
assay  m e th o d o lo g y )  and samp les  were a n a ly s e d  by e l u t i o n  f r o m  
a 10 pm SAX HPLC a n io n  exchange co lumn.  F r a c t i o n s  (2 m l )  
were c o l l e c t e d  and m ixed  w i t h  O p t ip h a s e  ' S a f e ’ ( 8  m l )  f o r  
d e t e c t i o n  by l i q u i d  s c i n t i l l a t i o n .
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i n c r e a s e  i n  t h e  f i r s t  few  seconds o f  t h e  a s s a y ,  th e n  s l o w l y  
i n c r e a s e d  u n t i l  60 min .  A f t e r  t h i s  t i m e ,  a d e c r e a s e  was 
r e c o r d e d  w h ich  would  p r o b a b l y  have reached  b a s e l i n e  l e v e l  
had t h e  r e a c t i o n  c o n t i n u e d  f o r  long  enough.  T h i s  r e s u l t  
f u l l y  s u p p o r te d  t h e  o b s e r v a t i o n s  made in  t h e  p r e v i o u s  
e x p e r i m e n t  u s in g  H - I P 3 as t h e  s u b s t r a t e .  E v id e n c e  was 
p r o v i d e d  f o r  a ph o s p h a ta s e  d e g r a d a t i o n  pathw ay  f o r  t h e  
i n o s i t o l  p h o sp h a tes  in  t h e  y e a s t  Sacch.  c e r e v i s i a e .
A l t h o u g h  i t  had now been p o s s i b l e  t o  r e c o r d  t h e  c o m p le te
q
d e g r a d a t i o n  o f  e x o g e n o u s ly  added ° H - I P 3 u s in g  s p h a e r o p l a s t s , 
and d e m o n s t r a t e  t u r n o v e r  o f  lo w e r  i n o s i t o l  p h o sp h a tes  by way 
o f  a ph o s p h a ta s e  p a th w ay ,  i t  was n o t  p o s s i b l e  t o  a s s ig n
q
s p e c i f i c  a c t i v i t i e s  t o  t h e  enzymes i n v o l v e d .  The t r a c e r  
I P 3 used i n  t h e s e  e x p e r i m e n t s  was n o t  f r e s h  and had a l r e a d y  
d e v e lo p e d  c o n t a m i n a n t  I P 2 and IP-j d e g r a d a t i o n  p ea ks .  T h i s  
f a c i l i t a t e d  t h e  d e t e c t i o n  o f  v a r i a t i o n s  i n  t h e  l e v e l s  o f  
t h e s e  i n t e r m e d i a t e s  b u t  meant  t h a t  t h e  s p e c i f i c  
r a d i o a c t i v i t y  o f  t h e  I P 3 component was no l o n g e r  v a l i d .  
A c t i v i t i e s  c o u ld  n o t  be a t t r i b u t e d  t o  t h e  enzymes because i t  
was n o t  known how much r a d i o a c t i v i t y  was b e in g  d e g ra d e d .
q
F re s h  t r a c e r  H - I P 3 was t h e r e f o r e  purch ased  and an 
e x p e r i m e n t  was p e r fo r m e d  t o  exam ine  t h e  d i s t r i b u t i o n  o f  
p h o s p h a ta s e  a c t i v i t y  between t h e  membrane and c y t o s o l i c  
f r a c t i o n s  o f  a p r e p a r a t i o n  o f  s p h a e r o p l a s t s . S o l u b l e  and 
i n s o l u b l e  f r a c t i o n s  w ere  s e p a r a t e d  by c e n t r i f u g a t i o n  (5  min 
a t  3120 x g ) . The i n s o l u b l e  f r a c t i o n  was resuspended  in  1 . 2  
ml o f  t h e  p h o s p h a ta s e  b u f f e r .  Both f r a c t i o n s  w ere  used as
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enzyme sources fo r  use in an I P 3  phosphatase assay to  
compare the re sp e c t iv e  a c t i v i t i e s .  The c y t o s o l ic  f r a c t i o n  
contained the h ighest  a c t i v i t y  l e v e ls .  In  the s o l id  f r a c t i o n  
the IP 3  peak was complete ly  degraded in only 60 min, but 
peaks corresponding to  I P 2  and IP-j were s t i l l  p resent .  These 
were s t i l l  present a t  1 2 0  min and the in te rm e d ia tes  had not 
been f u l l y  m etabol ized .  In  the c y to s o l ic  f r a c t i o n ,  the lower  
i n o s i t o l  phosphates had a l l  been f u l l y  degraded in 60 min. 
This in d ic a te d  much f a s t e r  tu rnover  in t h i s  f r a c t i o n .
A s e r ie s  o f  assays were then run in an a t tempt to  c a lc u la t e  
the s p e c i f i c  a c t i v i t y  o f  the IP 3  phosphatase enzyme in the  
c y to s o l ic  f r a c t i o n s  of  broken s p h a e ro p la s ts . P ro te in  
concentra t ions  were c a lc u la te d  f o r  each sample and the ra te  
of  degradation of  the IP 3  peak was monitored. The r e s u l ts  
are summarised in Table 3 .5 ,  and the mean s p e c i f i c  a c t i v i t y  
of the enzyme was found to  be 8 . 8  x 1 0 -14, mmol mg- 1  min - 1  
ml- 1 . Experiment number 2 was not included in the  
c a lc u la t io n s  because the sphaeroplasts  used in t h a t  
in v e s t ig a t io n  were found not to  have been prepared p ro p e r ly .  
The c e l l s  were prematurely  removed from the w al l  d ig e s t io n  
phase of  p re p ara t io n  and t h e r e f o r e  did not lyse  p ro p e r ly .  
There was very l i t t l e  c e l l  breakage in response to  osmotic 
shock and t h e r e f o r e ,  the recovery of  cytosol was g r e a t ly  
reduced. Even so, the r e s u l t  was not as expected. The ra te  
of tu rnover  was extrem ely  slow and implied t h a t  a s p e c i f i c  
IP 3  phosphatase was not invo lved .  To in v e s t ig a t e  t h i s  
f u r t h e r ,  assays were performed to  monitor the  ra te s  of  
degradation of  IP 3 , I P 2  and IP-j in a common yeast
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Exp^ No P r o t e i n  
c o n e 11 mg ml
dpm
m e t a b o l i  zed




1 1 3 .1 3 7 3 6 2 . 9 60 2
O 1 4 .0 6 2 9 6 5 . 8 120 2
3 1 3 .2 2 19 8 6 5 . 8 120 2
4 1 0 .5 2 10 2 2 1 . 8 120 2
dpm mg 1 ml 1 min 1
1 : 4 . 6 7
2 : 0 . 8 8 Mean -  4 . 9 9
3: 6 . 2 6 Std  Dev = 1
4: 4 . 0 5
I P 3 S p e c i f i c  R a d i o a c t i v i t y  : 2 5 . 4  x 10® pCi = 1 mM
S p e c i f i c  A c t i v i t y  = 8 . 8  x 10 mmol mg 1 ml 1 min 1
T a b l e  3 . 5 .  D e t e r m i n a t i o n  o f  t h e  S p e c i f i c  A c t i v i t y  o f  I P 3 
P h o s p h a ta s e .
The p r o d u c t i o n  o f  i s o l a t e d  membranes was h a l t e d  a t  t h e  
s p h a e r o p l a s t  s t a g e ,  and t h e s e  w ere  l y s e d  by r e s u s p e n s io n  in  
p h o sp h a tase  assay  b u f f e r .  An assay  was p e r fo r m e d  f o r  I P 3 
p h o sp h a tase  as d e s c r i b e d  p r e v i o u s l y  and sam ples  were  
a n a ly s e d  by e l u t i o n  f rom  a 10 pm SAX HPLC a n io n  exchange  
column.  F r a c t i o n s  (2  m l )  were  c o l l e c t e d  and mixed w i t h  
O p t ip h a s e  ' S a f e ’ ( 8  m l )  f o r  d e t e c t i o n  by l i q u i d  
s c i n t i l l a t i o n .  P r o t e i n  e s t i m a t i o n s  were made f o r  each enzyme 
s o u rc e  and t h e  t u r n o v e r  o f  dpm was c a l c u l a t e d  in  te rm s  o f  
t i m e ,  p r o t e i n  c o n t e n t  and t h e  c o n c e n t r a t i o n  o f  p r e c u r s o r  
p r e s e n t  a t  t h e  sample  t i m e s .
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p r e p a r a t i o n .  The aim o f  t h e  e x p e r i m e n t  was t o  compare t h e  
s p e c i f i c  a c t i v i t i e s  o f  I P 3 , I P 2 and IP-) p h o s p h a ta s e s  f ro m  a 
s i n g l e  s o u r c e .  S p h a e r o p l a s t s  w ere  p r e p a r e d ,  b u t  s o l u b l e  and 
i n s o l u b l e  f r a c t i o n s  were n o t  s e p a r a t e d .  The d i s t r i b u t i o n  o f  
enzyme a c t i v i t i e s  f o r  I P 2 and IP-j p h o sp h a tase  was n o t  
exam ined ,  so t o  e n s u re  maximum r e c o v e r y  o f  a l l  t h e  enzymes,  
both f r a c t i o n s  were i n c l u d e d  as t h e  enzyme s o u r c e .  The  
broken s p h a e r o p l a s t s  w ere  s p l i t  i n t o  t h r e e  eq u a l  sam ples  and 
an equ a l  volume o f  t r a c e r  I P 3 , I P 2 o r  I P 1 was added.  
F o l l o w i n g  a n a l y s i s  by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g ,  dpm 
v a l u e s  were  a s s ig n e d  t o  t h e  peaks and t h e  r a t e s  o f  t u r n o v e r  
c a l c u l a t e d .  The r e s u l t s  a r e  summarised in  T a b l e  3 . 6  and show 
t h a t  in  t h e s e  e x p e r im e n t s  t h e  o r d e r  o f  p h o s p h a ta s e  a c t i v i t y  
was I P 1 > I P 2 > I P 3 . T h i s  was a somewhat s u r p r i s i n g  r e s u l t  
and p o s s i b l y  t h e  r e v e r s e  o f  what  would be e x p e c t e d  i n  a 
normal  i n o s i t o l  pho sphate  d e g r a d a t i o n  p a thw ay .  The v e r y  low 
l e v e l s  o f  a c t i v i t y  r e c o r d e d  p r o b a b ly  i n d i c a t e  t h a t  t h i s  
r e s u l t  does n o t  r e f l e c t  t r u e  pho sp h a tase  a c t i v i t i e s .  None o f  
t h e  a c t i v i t i e s  r e c o r d e d  would  e f f e c t i v e l y  d e a c t i v a t e  a 
second messenger  and t u r n o v e r  a t  t h e s e  r a t e s  would  be a l m o s t  
n e g l i g i b l e .  T h i s  i s  d is c u s s e d  f u r t h e r  in  s e c t i o n  4 . 7 .  I t  i s  
n o t a b l e  however t h a t  t h e  I P 3 pho sp h a tase  a c t i v i t y  r e c o r d e d  
in  t h i s  e x p e r i m e n t  i s  h i g h e r  th a n  t h a t  in  T a b l e  3 . 5 .  I t  may 
t h e r e f o r e  be co n c lu d e d  t h a t  t h e  enzyme i s  d i s t r i b u t e d  
between t h e  membrane and c y t o s o l i c  f r a c t i o n s .
3 . 9  I n v e s t i g a t i o n  o f  I P ^  K in a s e  A c t i v i t y
E v id e n c e  had been o b t a i n e d  t o  im p ly  s t r o n g l y  t h e  e x i s t e n c e  
o f  an I P 3 ph o s p h a ta s e  enzyme in  Sacch.  c e r e v i s i a e  ( S e c t i o n  
3 . 8 . 2 ) .  The i n f o r m a t i o n  g a t h e r e d  a l s o  s u g g e s te d  t h a t  t h i s
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T r a c e r dpm T u r n o v e r Std  D e v i a t i o n
i p i 29 9 8 5 . 7 2 1 4 6 .4
i p 2 28 4 1 9 .1 5 2 8 4 . 3
1P3 9 0 0 4 . 0 9 7 3 . 8
A l l  assays  were run f o r  120 min in  1 .5  ml o f  ph o s p h a ta s e  
b u f f e r  and had a p r o t e i n  c o n c e n t r a t i o n  o f  0 . 6 4  mg ml .
A c t i v i t y  in  dpm mg-1  ml-1  m in-1 S p e c i f i c  R a d i o a c t i v i t y
(assum ing  100%)
I P 1 = 2 6 0 . 3  1 .2 2  x ' l o] !  dpm = 1 mM
I P 2 = 2 4 6 . 7  2 . 2 2  x 1 o ] 2 dpm = 1 mM
I P 3 = 7 8 . 2  5 . 6 3  x 1 0 13 dpm = 1 mM
S p e c i f i c  Enzyme A c t i v i t i e s  mmol mg  ^ ml  ^ min ^
I P 1 = 2 . 1 3  x 10 *
I P 2 = 1 .11  x 1 0 _ °
I P 3 = 1 . 3 9  x 10 12
T a b l e  3 . 6 .  Comparison o f  I n o s i t o l  Phosphate  P h o sp h a tas e  
S p e c i f i c  A c t i v i t i e s
S p h a e r o p l a s t s  were produced and ly s e d  by r e s u s p e n s io n  in  
p h o s p h a ta s e  assay  b u f f e r .  S e p a r a t e  assays  were  p e r fo r m e d  f o r  
I P 3 , I P 2 and I P 1 p h o s p h a ta s e  a c t i v i t y  and sam ples  were  
a n a ly s e d  by e l u t i o n  f ro m  a 10 pm SAX HPLC a n io n  exchange  
colum n.  F r a c t i o n s  (2  m l )  were  c o l l e c t e d  and mixed w i t h  
O p t i p h a s e  ' S a f e ’ ( 8  m l )  f o r  d e t e c t i o n  by s c i n t i l l a t i o n .  
P r o t e i n  e s t i m a t i o n s  were made f o r  each enzyme s o u rc e  and t h e  
t u r n o v e r  o f  dpm was c a l c u l a t e d  in  te rm s  o f  t i m e ,  p r o t e i n  
c o n t e n t  and t h e  c o n c e n t r a t i o n  o f  p r e c u r s o r  p r e s e n t  a t  t h e  
sample  t i m e s .
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enzyme had a r e l a t i v e l y  low s p e c i f i c  a c t i v i t y  and was in 
f a c t  the s lowest o f  the th re e  in o s i t o l  phosphate degrading  
enzymes in v e s t ig a te d .  I f  IP 3  p lays the same secondary  
messenger r o le  in yeast  as i t  does in mammalian c e l l s ,  i t  is  
im pera t ive  t h a t  the t r is p h o sp h a te  is  metabol ized q u ic k ly  and 
e f f i c i e n t l y .  In  mammalian c e l l s ,  IP 3  is  d e a c t iv a te d  in  one 
o f  two ways:-  i t  can e i t h e r  be dephosphory1 ated by a 
phosphatase, or f u r t h e r  phosphory1ated to  IP 4  by a kinase  
(see Chapter 1 ) .  No evidence had been recorded p re v io u s ly  
f o r  the ex is te nc e  o f  IP 4  in  yeast  but experiments were
o
planned to  t r y  and demonstrate the conversion o f  H - IP 3  to
o
H - IP 4  using a yeast c e l l  e x t r a c t .  Not only  would t h i s  show 
the  presence o f  an I P 3  k inase in  yeast ,  i f  the r e a c t io n  was 
very f a s t ,  i t  might help to  e x p la in  the slow a c t i v i t y  o f  the  
IP 3  phosphatase enzyme. I t  could then be suggested t h a t ,  i f  
I P 3  behaves as a second messenger in yeast ,  i t  is  
p r e f e r e n t i a l 1y d e a c t iv a te d  by conversion to  I P 4  r a th e r  than  
dephosphorylat ion to  I P 2 . The ex is te nce  of  IP 3  k inase would 
a ls o  provide more support f o r  the presence o f  the  
phosphat idy 1 in o s i t o l  tu rn over  systems as a whole, by 
inc re as ing  the number of  enzymes known to e x i s t  in  yeast  and 
prov id in g  another po ss ib le  channel to  l in k  the  in te rm e d ia te s  
o f  the pathway.
To assay the p o te n t ia l  k inase a c t i v i t y ,  broken sphaeroplasts  
were s e lec ted  as the enzyme source. These were prepared as 
p re v io u s ly  described and were resuspended in  2  ml o f  a 
kinase b u f f e r  (50 mM T r i s ,  5 mM ATP, 5 mM MgCl2 , 5 mM Sodium 
pyrophosphate, 1 mM DTT, pH 8 . 0 )  se lec ted  from Hansen e t  a l .
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( 1986) and I r v i n e  e t  a l . ( 1986) .  In  the f i r s t  experiment,  i t  
was not c le a r  i f  a novel peak had been produced. An area of  
s l i g h t l y  e le v a te d  r a d io a c t iv e  counts was d e te c ta b le  to  the  
r i g h t  o f  the IP 3  peak in the T30 min and T60 min samples but 
i t  was not c le a r  i f  the "peak" was genuine I P 4  or simply a 
shoulder on the IP 3  peak. A repeat  assay confirmed the  
presence o f  the "peak" but more s t ro n g ly  im pl ied  t h a t  i t  was 
j u s t  a shoulder on the I P 3  peak. The observat ions were not  
t o t a l l y  convincing f o r  e i t h e r  argument, so an extended assay 
was planned. I t  had been shown in previous phosphatase 
assays t h a t  i t  was o f te n  necessary to  incubate f o r  up to  4 
h before the f u l l  e f f e c t s  of  enzyme a c t i v i t y  were seen, but 
in d u p l ic a te  3 h assays no evidence of  IP 4  production was 
obta ined .  I t  was noted however, t h a t  in both assays the IP 3  
peak showed evidence of  degradat ion .
An a l t e r n a t i v e  b u f fe r  was found f o r  the experiments (Downes, 
C .P . ,  1972; pers. comm.) co n ta in in g  70 mM KC1, 30 mM NaCl, 5 
mM ATP, 10 mM MgCl2  and 10 mM HEPES, pH 7 .0 .  Repeat kinase  
assays were run using the same protocol and a new peak was 
detected a f t e r  30 min incubat ion  in f r a c t i o n  30 (F ig .  3 . 5 1 ) .  
Although q u i te  sm all ,  t h i s  was complete ly separate  from the  
IP 3  peak and had not p re v io u s ly  been detec ted .  Apart  from 
the novel peak, degradat ion  o f  the I P 3  peak was a lso  
recorded w ith  c o in c id e n t  increases in the le v e ls  of  IP 2  and 
IP-j . This  was a t t r i b u t e d  to  the inc lus io n  o f  MgCl2  in the  
assay b u f fe r  and impl ied t h a t  given the r i g h t  c o n d i t io n s ,
o
exogenously added H - IP 3  can be degraded by pathways which 
both phosphory1 a te  and dephosphorylate the s u b s t ra te  in to
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cpm ^Phosphate








T30 “ B_ T60  *..Elution Grad't
F i g .  3 . 5 1 .  I P 3  K in a se  A c t i v i t y  Assay i n  Im proved  B u f f e r
S p h a e r o p la s t s  were b ro ken  by r e s u s p e n s io n  i n  t h e  b u f f e r  
d e s c r ib e d  by Downes (1992 ,  p e r s .  comm., 2 m l ,  see t e x t )  and
O
t h e  c e l l  p r e p a r a t i o n  was i n c u b a te d  w i t h  H - I P 3 ( 0 .1  p C i ) f o r  
60 min a t  25 °C. Samples ( 0 . 5  m l )  were ta k e n  t h r o u g h o u t  t h e  
assay and r e a c t i o n s  were h a l t e d  by th e  a d d i t i o n  o f  an equa l  
vo lume o f  p y r i d i n e  s o l u t i o n .  Samples were a n a ly s e d  by 
e l u t i o n  f r o m  a 10 pm SAX HPLC a n io n  exchange co lumn and 
f r a c t i o n s  (2 m l )  were mixed w i t h  O p t ip h a s e  ' S a f e ’ ( 8  m l )  f o r  
d e t e c t i o n  by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g .
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i n a c t i v e  forms. The novel peak showed the e l u t i o n  p r o f i l e  
p re d ic te d  f o r  IP 4  but i t s  i d e n t i t y  could not be confirmed  
because a standard t r a c e r  was not a v a i l a b l e .  In  the T60 min 
sample o f  the assay, the IP 4  peak had vanished. I t  is  not  
known how the IP 4  was metabol ized but no f u r t h e r  peaks were 
de tec ted .  In  d u p l ic a te  exper iments,  e s s e n t i a l l y  id e n t ic a l  
r e s u l t s  were obtained w i th  an IP 4  peak appearing a t  T30 min, 
then showing signs o f  degradat ion  in the T60 min sample. 
Also, a decrease o f  I P 3  was recorded w ith  complementary 
r is e s  in  the l e v e ls  o f  both I P 2  and I P 1 . I t  had been shown 
in repeat  experiments t h a t  a peak which e lu te d  in  the  
p red ic te d  p o s i t io n  o f  I P 4  could be detected  i f  exogenously
o
added H - IP 3  was incubated w ith  a y e a s t - c e l l  sphaeroplast  
p re p a ra t io n .  This provided good evidence f o r  the  presence o f  
an IP 3  k inase enzyme in yeast .
To in v e s t ig a t e  f u r t h e r  the behaviour of  the IP 4  peak and to  
examine the p o s s i b i l i t y  t h a t  h igher  phosphorylated peaks may 
be produced, an extended assay was run. The r e s u l t  merely  
supported the observat ions  made in the prev ious assays. A 
peak in the p o s i t io n  o f  I P 4  was detected in the T30 min 
sample which then s low ly  degraded throughout the r e s t  o f  the  
3 h in cubat ion .  No evidence could be obta ined f o r  the  
fo rm ation  o f  I P 5  or IPg in  yeast  c e l l s .
Unable to  gain any f u r t h e r  in fo rm at ion  from the extended  
assay, an at tem pt was made to  monitor more c lo s e ly ,  the  
production of  the IP 4  peak by running a much s h o r te r  assay.  
The peak had r e g u l a r l y  been seen to occur in T30 min samples
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of  the kinase assays, so a 30 min experiment was run. The 
r e s u l t  ( F ig .  3 .5 2 )  shows the area under the curve graph of  
the increase  in s iz e  o f  the  IP 4  peak. The r a te  o f  production  
however was not p a r t i c u l a r l y  f a s t  and the r e s u l t s  seen in  
t h i s  and prev ious assays did not support the  theory  t h a t  the  
I P 3  k inase enzyme was the  major i n a c t i v a t i o n  pathway f o r  I P 3  
a c t in g  as a second messenger. The observat ions  made in the  
longer in cubat ions ,  where I P 3  degradation was d i re c te d  
towards both IP 2  and IP 4  may have in d ic a ted  some kind of  
com pet i t ion  between the  kinase and phosphatase enzymes of  
IP 3 . Perhaps in t h i s  b u f f e r ,  composed to  roughly approximate  
a yeast c e l l  cytoplasm (Downes, C .P . ,  1992; pers .  comm.) the  
IP 3  phosphatase had a much h igher  s p e c i f i c  a c t i v i t y ,  and is  
able  to  b e t t e r  u t i l i z e  the  3 H - IP 3  s u b s t ra te .  This might  
e x p la in  the r e l a t i v e l y  low le v e ls  o f  IP 4  de tec ted  and the  
f a c t  t h a t  i t  is  ap paren t ly  degraded by dephosphorylat ion and 
not f u r t h e r  phosphory1ated to  h igher  in o s i t o l  phosphates. I t  
is  a lso  arguable  t h a t  i f  IP 3  does not play the same second 
messenger fu n c t io n  t h a t  i t  does in mammalian c e l l s ,  the need 
f o r  m u l t i p le  enzymes to  i n a c t i v a t e  the t r is p h o s p h a te  in two 
d is c r e t e  pathways would be g r e a t ly  reduced, i f  not  
redundant. I t  may wel l  be a r e f l e c t i o n  on the  p r o p e r t ie s  of  
IP 3  in yeast  t h a t  the IP 3  k inase a c t i v i t y  appears to  be very  
1 i mi t e d .
T r i t i a t e d  I P 2  was a lso  considered as a po ss ib le  s u b s t ra te  
f o r  kinase a c t i v i t y .  As i t  had not been po ss ib le  to  d e te c t  
IP 3  in a yeast  c e l l  e x t r a c t  in  any previous l a b e l l i n g  
experiment,  the d e te c t io n  o f  I P 2  in such experiments
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F i g .  3 . 5 2 .  The P r o d u c t io n  o f  I P 4 in  Broken S p h a e r o p l a s t s
S p h a e r o p la s t s  were b roken  by r e s u s p e n s io n  i n  t h e  b u f f e r  
d e s c r i b e d  by Downes ( 1 9 9 2 ,  p e r s .  comm., 2 m l ,  see t e x t )  and
O
t h e  c e l l  p r e p a r a t i o n  was in c u b a t e d  w i t h  H - I P 3 (0 .1  p C i ) f o r  
30 min a t  25 ° C . Samples ( 0 . 5  m l )  were ta k e n  t h r o u g h o u t  t h e  
assay  and r e a c t i o n s  were h a l t e d  by th e  a d d i t i o n  o f  an e q ua l  
vo lume o f  p y r i d i n e  s o l u t i o n .  Samples were a n a ly s e d  by 
e l u t i o n  f r o m  a 10 pm SAX HPLC a n io n  exchange co lumn and 
f r a c t i o n s  (2 m l )  were m ixed w i t h  O p t ip h a s e  ' S a f e ’ ( 8  m l )  f o r  
d e t e c t i o n  by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g .
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s u g g es ted  t h a t  t h e  b i s p h o s p h a t e  p l a y e d  a more i m p o r t a n t  
r o l e .  I f  I P 2 a c t u a l l y  p l a y e d  a second m essenger  r o l e  in  
y e a s t ,  th e n  i t  may be m e t a b o l i z e d  by more th a n  j u s t  t h e  
p h o s p h a ta s e  pathway a l r e a d y  d e m o n s t r a t e d .  The p r e s e n c e  o f  an 
I P 2 k i n a s e  has n o t  been r e c o r d e d  in  mammalian c e l l s  and  
would  i n v o l v e  t h e  p r o d u c t i o n  o f  I P 3 w i t h o u t  t h e  a g o n i s t -  
m e d ia te d  h y d r o l y s i s  o f  P I P 2 . The l a c k  o f  d e t e c t i o n  o f  I P 3 in  
any y e a s t  c e l l  p r e p a r a t i o n  does n o t  s u p p o r t  t h e  e x i s t e n c e  o f  
an I P 2 k i n a s e ,  b u t  i t  i s  p o s s i b l e  t h a t  t h e  p h o s p h a ta s e  
a c t i v i t y  o v e r - r o d e  any p o s s i b l e  k i n a s e  a c t i v i t y ,  and 
i n h i b i t e d  t h e  p r o d u c t i o n  o f  I P 3 .
No I P 2 k i n a s e  a c t i v i t y  was d e t e c t e d  and t h e  r e a c t i o n  p r o f i l e  
was v e r y  s i m i l a r  t o  r e s u l t s  o b t a i n e d  in  I P 2 p h o s p h a ta s e  
a s s a y s .  These o b s e r v a t i o n s  w ere  d u p l i c a t e d  in  t h e  r e p e a t  
e x p e r i m e n t  where  e s s e n t i a l l y  i d e n t i c a l  r e s u l t s  w ere  
o b t a i n e d .  No e v i d e n c e  was a v a i l a b l e  t o  s u g g e s t  t h a t  I P 2 
k i n a s e  a c t i v i t y  e x i s t e d  in  y e a s t .  The r e s u l t s  i n d i c a t e d  t h a t  
even in  a b u f f e r  d e s ig n e d  f o r  k i n a s e  a c t i v i t y  v e r y  s t r o n g  
p h o s p h a ta s e  a c t i v i t y  was p r e s e n t ,  and dom in a ted  t h e  r e a c t i o n  
p r o f i 1e .
A f i n a l  e x p e r i m e n t  o f  t h i s  t y p e  was p e r fo rm e d  t o  i n v e s t i g a t e  
t h e  e f f e c t  o f  a long  i n c u b a t i o n  on I P 2 k i n a s e  a c t i v i t y .  The 
o b j e c t i v e  was t o  d i s c o v e r  i f  an e x te n d e d  I P 2 k i n a s e  
e x p e r i m e n t  le d  t o  t h e  c o m p le te  p h o sp h a tase  d e g r a d a t i o n  o f  
I P 2 , o r  r e s u l t e d  in  t h e  d e l a y e d  p r o d u c t i o n  o f  I P 2- d e r i v e d  
I P 3 . No e v i d e n c e  o f  I P 3 p r o d u c t i o n  was r e c o r d e d .  The r e s u l t  
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Fig .  3 .5 3 .  Extended Assay o f  IP 2 Kinase A c t i v i t y
S p h a e r o p la s t s  were b ro ken  by r e s u s p e n s io n  i n  t h e  b u f f e r  
d e s c r ib e d  by Downes (1 9 92 ,  p e r s .  comm., 2 m l ,  see t e x t )  and
o
t h e  c e l l  p r e p a r a t i o n  was i n c u b a te d  w i t h  H - I P 3 ( 0 .1  p C i ) f o r  
180 min a t  25 °C. Samples ( 0 . 5  m l )  were ta k e n  t h r o u g h o u t  t h e  
assay and r e a c t i o n s  were h a l t e d  by t h e  a d d i t i o n  o f  an equa l  
vo lume o f  p y r i d i n e  s o l u t i o n .  Samples were a n a ly s e d  by 
e l u t i o n  f r o m  a 10 pm SAX HPLC a n io n  exchange co lumn and 
f r a c t i o n s  (2 m l )  were m ixed w i t h  O p t ip h a s e  ' S a f e ’ ( 8  m l )  f o r  
d e t e c t i o n  by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g .
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and a l a r g e  i n c r e a s e  in  t h e  l e v e l  o f  f r e e  i n o s i t o l .  The  
l e v e l  o f  IP-j shows a s m a l l  i n c r e a s e  u n t i l  90 m in ,  and i s  
th e n  c o m p l e t e l y  d eg raded  t o  a b a s e l i n e  l e v e l .  I t  i s  v e r y  
u n l i k e l y  t h a t  an I P 2 k i n a s e  enzyme e x i s t s ,  w h ich  shows 
s i m i l a r i t y  w i t h  t h e  mammalian sys te m .  I t  a l s o  i m p l i e s  t h a t  
i f  I P 3 i s  d e t e c t e d  in  any f u r t h e r  l a b e l l i n g  e x p e r i m e n t s ,  i t  
must be produced v i a  P I P 2 h y d r o l y s i s ,  and n o t  i n o s i t o l  
pho sp h a te  i n t e r c o n v e r s i o n . The a b i l i t y  t o  d e t e c t  an I P 3 
k i n a s e  and n o t  an I P 2 k i n a s e  s u g g e s ts  t h a t  I P 3 i s  more 
l i k e l y  t o  p l a y  a second messenger  r o l e  i n  y e a s t ,  o r  a t  l e a s t  
i s  a more i m p o r t a n t  m e t a b o l i t e .
3 . 1 0  Assay o f  P I P o P h o s p h o d ie s t e r a s e  Act i v i t y
The c o n v e r s i o n  o f  P I P 2 t o  I P 3 by r e c e p t o r  m e d ia te d  
h y d r o l y s i s  i s  a fu n d a m e n ta l  s t e p  in  t h e  P I  s i g n a l  
t r a n s d u c t i o n  system  and t h e  a b i l i t y  t o  d e m o n s t r a t e  t h i s  
r e a c t i o n  i n  v i t r o  would  p r o v i d e  s t r o n g  e v i d e n c e  f o r  t h e  
e x i s t e n c e  o f  t h e  pathway in  y e a s t .  E x p e r im e n ts  were  
t h e r e f o r e  p la n n e d  t o  m o n i t o r  t h e  p r o d u c t i o n  o f  I P 3 when
o
e x o g e n o u s ly  added t r a c e r  H - P I P 2 was i n c u b a t e d  w i t h  a y e a s t  
c e l l  e x t r a c t .  I n i t i a l  e x p e r im e n t s  f o l l o w e d  t h e  methods  
d e s c r i b e d  in  M a t e r i a l s  and Methods 2 . 1 0  (method A) and 
sample  columns were c l e a r e d  o f  any lo w e r  i n o s i t o l  p h o s p h a te s  
by th o ro u g h  w ashing  w i t h  an e l u t a n t  c a p a b l e  o f  rem oving  I P 2 
f ro m  t h e  r e s i n .  T h i s  was an a t t e m p t  t o  d e f i n e  b e t t e r  t h e  
p u t a t i v e  I P 3 peak by r i d d i n g  t h e  column o f  a l l  l e s s  s t r o n g l y  
a t t a c h e d  i o n s .  The Dowex r e s i n  was th e n  washed w i t h  e l u t a n t  
a t  t h e  c o n c e n t r a t i o n  t o  remove I P 3 and i t  was i n  t h e s e
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f r a c t i o n s  t h a t  a peak was e x p e c t e d .  E l u t i o n  p r o f i l e s  f ro m  
both  t h e  c y t o s o l i c  and membrane f r a c t i o n  a s s a y s  showed no 
peak p r o d u c t i o n  in  t h e  I P 3 window ( F i g .  3 . 5 4 )  and 
p h o s p h o l ip a s e  C a c t i v i t y  was n o t  d e m o n s t r a t e d .  The peak seen  
i n  t h e  " I P 2 " window was composed o f  an unknown m o i e t y  
p o s s i b l y  d e r i v e d  f ro m  P I P 2 i t s e l f ,  wh ich  e l u t e s  f ro m  an io n  
exchange  co lum n.  The peak c a n n o t  be P I P 2 i t s e l f ,  as t h e  
p o l y p h o s p h o i n o s i t i d e  i s  l i p i d  s o l u b l e  and s h o u ld  n o t  e l u t e  
as a s i n g l e  peak in  a s e p a r a t i o n  system based on i o n i c  
c h a rg e  in  a h y d r o p h i l i c  medium. T h i s  P I P 2 "peak"  can how ever  
be d e t e c t e d  i f  pu re  t r a c e r  P I P 2 i s  e l u t e d  f ro m  a Dowex r e s i n  
c o lu m n .
Perhaps  t h e  i n c u b a t i o n  p e r i o d  o f  10 min was n o t  long  enough  
f o r  t u r n o v e r  t o  o c c u r ,  so an e x p e r i m e n t  was p e r fo r m e d  f o r  2 
h b u t  s i m i l a r  r e s u l t s  were o b t a i n e d  -  no I P 3 p r o d u c t i o n  in  
any sample  and t h e  e x p e c t e d  peak in  t h e  I P 2 window. To 
i n v e s t i g a t e  t h e  p o s s i b i l i t y  t h a t  r a d i o a c t i v i t y  was 
s e q u e s t e r e d  by t h e  membrane f r a c t i o n  o r  t r a p p e d  in  an 
o r g a n i c  m a t r i x ,  an e t h e r / e t h a n o l  e x t r a c t i o n  was p e r f o r m e d  t o  
t r y  and r e c o v e r  any P I P 2 o r  w a t e r  s o l u b l e  m e t a b o l i t e s .  The  
c e l l s  were resuspended  i n  2 ml o f  e t h a n o l : d i e t h y l  e t h e r  ( 3 : 1  
v / v )  and i n c u b a t e d  f o r  10 min a t  60 °C .  A f t e r  10 min c o o l i n g  
on i c e  t h e  s u p e r n a t a n t  was removed a f t e r  c e n t r i f u g a t i o n  (5  
min a t  3120 x g ) and t h e  e x t r a c t i o n  was r e p e a t e d .  The p o o le d  
s u p e r n a t a n t s  were  e l u t e d  f ro m  a Dowex a n io n  exchange  co lum n,  
b u t  no f u r t h e r  peaks were d e t e c t e d .  Perhaps t h e  b u f f e r ,  
b e in g  pho sp h a te  based h i n d e r e d  any r e a c t i o n s  i n v o l v i n g  t h e  
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F i g .  3 . 5 4 .  Assay o f  P I P 2 T u r n o v e r  in  Crude C e l l  E x t r a c t s
The s o l u b l e  and i n s o l u b l e  f r a c t i o n s  o f  a m i d - e x p o n e n t i a l  
phase y e a s t  c u l t u r e  t h a t  had been b roken  i n  a Braun 
h om ogen ise r  were i n c u b a te d  w i t h  3 H -P IP 2 (10 p C i ) f o r  10 min 
a t  30 °C. R e a c t io n s  were h a l t e d  by i n c u b a t i o n  a t  100 °C f o r  
2 min and s u p e r n a t a n t s  were  o b t a i n e d  by c e n t r i f u g a t i o n .  
Samples were a n a ly s e d  by e l u t i o n  f ro m  Dowex r e s i n  co lum ns (2 
m l )  u s in g  a s t e p w is e  g r a d i e n t  o f  i n c r e a s i n g  ammonium fo r m a t e  
c o n c e n t r a t i o n .  F r a c t i o n s  (2 m l )  were c o l l e c t e d  and m ixed  
w i t h  O p t ip h a s e  Sa fe  ( 8  m l )  f o r  l i q u i d  s c i n t i l l a t i o n  c o u n t i n g
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t u r n o v e r  r e a c t i o n .  D u p l i c a t e  e x p e r im e n t s  w ere  t h e r e f o r e  
p e r fo rm e d  u s in g  T r i s / H C L  (pH 7 . 0 )  as t h e  r e a c t i o n  b u f f e r .  I t  
was s t i l l  n o t  p o s s i b l e  t o  d e m o n s t r a t e  any c o n v e r s i o n  o f  P I P 2 
and no I P 3 peaks were  d e t e c t e d .
F o l l o w i n g  a r e v i e w  o f  p h o s p h o d i e s t e r a s e  a s s a y s  i n  mammalian  
c e l l s ,  i t  was t h o u g h t  t h a t  t h e  p r e v i o u s  ass ay  may have  
f a i l e d  due t o  l a c k  o f  e s s e n t i a l  c o - f a c t o r s .  R e p e a t  
e x p e r im e n t s  were p la n n e d  w i t h  an improved b u f f e r  a f t e r  
W ils o n  e t  a l . ( 1 9 8 4 ) .  U s in g  method B, t h e  chrom atogram s
o
showed no H - I P 3 peaks produced  however ,  and no t u r n o v e r  o f  
3H - P I P 2 .
A l t e r n a t i v e  methods f o r  t h e  e x a m i n a t i o n  o f  P I P 2 t u r n o v e r  
were i n v e s t i g a t e d ,  because i t  i s  such an i m p o r t a n t  s t e p  in  
t h e  p a thw ay ,  and i t  was e s s e n t i a l  t o  d e m o n s t r a t e  h y d r o l y s i s  
o f  t h i s  p h o s p h o l i p i d  t o  g i v e  e v i d e n c e  t o  t h e  t h e o r y  t h a t  a 
PI  based t r a n s d u c t i o n  sys tem  e x i s t e d  and o p e r a t e d  in  y e a s t .  
As w i t h  t h e  I P 3 p h o s p h a ta s e  a s s a y ,  a method t o  m o n i t o r  t h e  
c o n v e r s io n  o f  P I P 2 became a v a i l a b l e  in  t h e  p a p e r  by Hanson 
( 1 9 9 1 ) .  The b a s ic  m eth o d o lo g y  was used as d e s c r i b e d  
( M a t e r i a l s  and Methods 2 . 1 8 )  b u t  t h e  p r e v i o u s l y  p r e p a r e d  
' i m p r o v e d ’ b u f f e r  was r e t a i n e d  f o r  t h e  a c t u a l  i n c u b a t i o n .  
S t r a i n  MC3 was grown t o  a d e n s i t y  o f  4 . 4  x 107 c e l l  ml~^ in  
YEPD (4 0 0  m l ) ,  t h i s  was h a r v e s t e d ,  washed and resuspended  in  
5 - 7  ml o f  a b u f f e r  c o m p r i s i n g  20 mM T r i s / H C L  and 1 mM EDTA 
a t  pH 7 . 4 .  The broken  c e l l s  were  th e n  assayed  as  d e s c r i b e d  
and th e  r e s u l t  was compared w i t h  a sample o f  t h e  t r a c e r  
s o l u t i o n  removed p r i o r  t o  m ix in g  and t r e a t e d  i n  e x a c t l y  t h e
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same way. The r e s u l t  ( F i g .  3 . 5 5 )  was n o t  as e x p e c t e d  and 
showed t h e  r e d u c t i o n  o f  t h e  I P 3 peak and t h e  peak in  t h e  I P 2 
window w i t h  t i m e .  I t  had p r e v i o u s l y  been d e m o n s t r a te d  t h a t  
t h e  p y r i d i n e  s o l u t i o n  d i d  n o t  a d v e r s e l y  a f f e c t  I P 3 , so th e  
r e d u c t i o n  in  s i z e  was n o t  a t t r i b u t e d  t o  t h i s  t r e a t m e n t .  The 
r e s u l t  was v e r y  r e m i n i s c e n t  o f  t h e  I P 3 p h o s p h a ta s e  assays  
t h a t  had been p e r fo rm e d  u s in g  a Hanson ( 1 9 9 1 )  m eth o d o lo g y ,  
where t h e  I P 3 peak and lo w e r  i n o s i t o l  pho spha te  peaks had 
a l l  shown a g r a d u a l  d e g r a d a t i o n  w i t h  t i m e .
A n o th e r  e x p e r i m e n t  was run where r e a c t i o n s  were h a l t e d  by 
t h e  a d d i t i o n  o f  an equ a l  volume o f  i c e - c o l d  TCA (15% w /v )  
a f t e r  Downes and M ic h e l  1 ( 1 9 8 1 ) .  The samples were th e n  l e f t  
on i c e  f o r  10 min and washed w i t h  d i e t h y l  e t h e r  (5  x 2 m l ) .  
F o l l o w i n g  n e u t r a l i z a t i o n  w i t h  sodium c a r b o n a t e ,  t h e  samples  
were a n a ly s e d  by e l u t i o n  f rom  1 cm Dowex r e s i n  co lumns.  An 
u n t r e a t e d  0 min sample  was compared w i t h  a t r e a t e d  0 min 
sam ple ,  and a 20 min sample was c o l l e c t e d  as u s u a l .  The two  
TO min samples showed v e r y  good c o r r e l a t i o n  b u t  i t  was 
n o t i c e a b l e  t h a t  in  t h e  t r e a t e d  TO min p r o f i l e ,  an a r e a  o f  
e l e v a t e d  r a d i o a c t i v e  c o u n ts  was v i s i b l e  in  t h e  f i n a l  wash 
window o f  t h e  e l u t i o n ,  c o r r e s p o n d i n g  t o  t h e  2 . 0  M ammonium 
f o r m a t e  e l u t a n t  which removes I P 4 and h i g h e r  p h o s p h o r y 1a t e d  
i n o s i t o l  p ho spha tes  f ro m  t h e  co lumn.  I t  a p p e a re d  as i f  
c o u n ts  had been "dragged"  o f f  t h e  column i n  an u ne xpec ted  
manner.  The 20 min sample showed a sm a l l  peak in  t h e  I P 2 
window, and a m ass ive  peak in  t h e  I P 4 / 5 / 6  window. No peak 
was d e t e c t e d  in  t h e  I P 3 window and t h e  r e s u l t  was c o m p l e t e l y  
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F i g .  3 . 5 5 .  Assay o f  P I P 2 PDE A c t i v i t y  a f t e r  Hanson ( 1 9 9 1 )
A m i d - e x p o n e n t i a l  c u l t u r e  o f  MC3 (400 m l )  was b ro ken  by 
Braun h o m o g e n is a t i o n ,  and b u l k  s o l i d s  were removed f r o m  t h e  
homogenate by c e n t r i f u g a t i o n  (5 min a t  3000 x g ) . The 
s u p e r n a t a n t  was c e n t r i f u g e d  f u r t h e r  (30 min a t  4 0 ,0 0 0  x g)  
and t h e  r e s u l t i n g  p e l l e t  was resuspended  i n  P IP 2 b u f f e r .
T h i s  was m ixed w i t h  3 H -P IP 2 ( 0 . 0 5  pCi ) and i n c u b a te d  f o r  2 0  
min a t  25 °C. R e a c t io n s  were h a l t e d  by th e  a d d i t i o n  o f  an 
e qua l  vo lume o f  p y r i d i n e  s o l u t i o n  and a n a ly s e d  as p r e v i o u s l y  
d e s c r i  b e d .
2 1 0
o
I n  a f i n a l  a t t e m p t  t o  d e m o n s t r a t e  ° H - P I P 2 t u r n o v e r  u s in g  t h e  
Hanson ( 1 9 9 1 )  m e th o d o lo g y ,  a r e p e a t  e x p e r i m e n t  was p e r f o r m e d  
u s in g  i c e - c o l d  TCA as t h e  r e a c t i o n  h a l t i n g  s t e p  and u s i n g  a 
10 pm SAX HPLC column t o  a n a l y s e  t h e  sam ples .  The r e s u l t  was 
d i f f e r e n t  a g a in  f rom  th o s e  produced on t h e  Dowex r e s i n  
columns ( F i g .  3 . 5 6 )  and each sample  showed a peak r e l e a s e d  
in  t h e  f r e e  i n o s i t o l  p o s i t i o n  o f  t h e  chrom atogram  and a peak  
in  t h e  p o s i t i o n  o f  I P 3 . Of t h e  peaks in  t h e  I P 3 p o s i t i o n ,  
t h e r e  was v e r y  l i t t l e  v a r i a t i o n  and t h e  r e s u l t  i n d i c a t e d  
t h a t  t u r n o v e r  o f  t h e  p r e c u r s o r  H - P I P 2 had n o t  o c c u r r e d .  
T h e re  was some v a r i a t i o n  in  t h e  s i z e  o f  t h e  i n o s i t o l  peaks  
b u t  t h e  s i g n i f i c a n c e  o f  t h i s  was n o t  known. The main f a c t o r  
was t h a t  t h e r e  had been no i n c r e a s e  in  any p e a k s ,  o r  
g e n e r a t i o n  o f  a novel  peak d u r i n g  t h e  i n c u b a t i o n .  The  
c o m p le te  l a c k  o f  e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  a 
p h o s p h o d i e s t e r a s e  enzyme and t h e  u n r e p e a t a b i l i t y  o f  t h e  
e x p e r i m e n t s  p e r fo r m e d  meant  t h a t  f u r t h e r  i n v e s t i g a t i o n s  
u s in g  t h e  Hanson ( 1 9 9 1 )  t e c h n i q u e  were  no t  c a r r i e d  o u t .
The a d v e n t  o f  t h e  i s o l a t e d  p lasm a membrane p r e p a r a t i o n s  
( M a t e r i a l s  and Methods 2 . 1 4 ) ,  as used in  I P 3 p h o s p h a ta s e  
ass ays  ( c h a p t e r  3 . 8 . 2 )  was t h o u g h t  t o  p r o v i d e  t h e  i d e a l  
v e h i c l e  f o r  t h e  d e t e c t i o n  o f  p u t a t i v e  y e a s t  p h o s p h o l ip a s e  C. 
A c o n c e n t r a t e d  membrane f r a c t i o n ,  in  t h e  absence  o f  
c y t o s o l i c  components would  t h e o r e t i c a l l y  i s o l a t e  t h e  
membrane-bound enzyme and f a c i l i t a t e  t h e  assay  o f  
p h o s p h o d i e s t e r a s e  a c t i v i t y .  H a v in g  e l i m i n a t e d  t h e  c y t o s o l i c  
f r a c t i o n ,  i t  was proposed t h a t  any I P 3 produced in  t h e  
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F i g .  3 . 5 6 .  HPLC A n a l y s i s  o f  Hanson ( 1 9 9 1 )  P I P 2 PDE Assay
S t r a i n  MC3 (400 m l )  was grown t o  m i d - e x p o n e n t i a l  phase and 
c e l l s  were p re p a re d  a c c o r d i n g  t o  t h e  method o f  Hanson 
( 1 9 9 1 ) .  The enzyme s o u rc e  was mixed w i t h  3 H -P IP 2 ( 0 .0 7 5  pCi ) 
and i n c u b a t e d  a t  25 °C f o r  20 m in .  R e a c t i o n s  were h a l t e d  by 
t h e  a d d i t i o n  o f  i c e - c o l d  p y r i d i n e  s o l u t i o n  and s u p e r n a t a n t s  
were a n a ly s e d  by e l u t i o n  f r o m  a 10 pm SAX HPLC co lum n .  
F r a c t i o n s  (2 m l )  were c o l l e c t e d  and mixed w i t h  O p t ip h a s e  
' S a f e ’ ( 8  m l )  f o r  d e t e c t i o n  by l i q u i d  s c i n t i l l a t i o n  
c o u n t i  n g .
2 1 2
i n  p r e v i o u s  a s s a y s ,  as w a t e r  s o l u b l e  enzymes w ere  n o t  
p r e s e n t .  T r i p l i c a t e  ass ays  o f  t h i s  t y p e  showed no t u r n o v e r
q
o f  t h e  H - P I P 2 w h a t s o e v e r .  F i g .  3 . 5 7  i s  a t y p i c a l  r e s u l t  
showing t h e  p r e s e n c e  o f  a P I P 2- d e r i v e d  peak a t  0 min which  
rem ained  t o t a l l y  u n a f f e c t e d  o v e r  t h e  30 min p e r i o d .  No 
e v i d e n c e  was e v e r  p r o v i d e d  f o r  t h e  f o r m a t i o n  o f  an I P 3 peak ,  
o r  f o r  PDE a c t i v i t y .  E x te n d in g  t h e  ass ay  t o  2 h had no 
e f f e c t  and i t  was c o n c lu d e d  t h a t  low a c t i v i t y  l e v e l s  o f  t h e  
enzyme w ere  n o t  r e s p o n s i b l e  f o r  t h e  n e g a t i v e  r e s u l t s .  B l i g h  
and Dyer  ( 1 9 5 9 )  e x t r a c t i o n s  p e r fo r m e d  on t h e  r e m a in in g  
p e l l e t s  y i e l d e d  o n l y  background r a d i o a c t i v i t y ,  i n d i c a t i n g  
t h a t  r a d i o a c t i v i t y  was n o t  b e in g  s e q u e s t e r e d  by t h e  o r g a n i c  
components o f  t h e  p r e p a r a t i o n ,  b u t  e l e v a t e d  c o u n ts  were  
r e c o r d e d  i f  t h e  p e l l e t  ( p o s t - e x t r a c t i o n )  was resuspended  in  
w a t e r .
A l th o u g h  i s o l a t e d  membranes had been p r e p a r e d  i n  an a t t e m p t  
t o  enhance any p o t e n t i a l  PDE a c t i v i t y  p r e s e n t ,  t h e  p e l l e t  
m a t e r i a l  was b e in g  resuspended  i n  an aqueous b u f f e r .  I t  was
q
t h e r e f o r e  proposed t h a t  when t h e  h y d ro p h o b ic  H - P I P 2 was 
i n t r o d u c e d  t o  t h e  enzyme s o u r c e ,  t h e  two components o f  t h e  
assay  were n o t  a b l e  t o  i n t e r a c t  due t o  t h e  i n s o l u b i l i t y  o f  
t h e  t r a c e r  s u b s t r a t e .  The t r a c e r  P I P 2 may have formed  
m i c e l l e s  in  t h e  r e a c t i o n  medium and n o t  come i n t o  c o n t a c t  
w i t h  t h e  enzyme s o u r c e .  R e p e a t  e x p e r i m e n t s  w ere  t h e r e f o r e  
p e r f o r m e d ,  w i t h  a d e t e r g e n t  in  t h e  P I P 2 b u f f e r  t o  a i d  
m i x i n g .  I s o l a t e d  membranes w ere  resuspended  i n  3 ml o f  P I P 2 
b u f f e r  c o n t a i n i n g  TWEEN 80 (0 .8 %  w / v )  a f t e r  W e l l s  e t  a 7. 
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F i g .  3 . 5 7 .  T y p i c a l  P r o f i l e  o f  a P I P 2 PDE Assay Using  
I s o l a t e d  Membranes
I s o l a t e d  membranes were p re p a re d  as d e s c r ib e d  i n  M a t e r i a l s  
and Methods 2 . 1 4  and resuspended  i n  PIP 2 b u f f e r  .(2 m l ) .  The 
enzyme s o u rc e  was mixed w i t h  3 H -P IP 2 ( 0 .0 5  pCi ) i n  P IP 2 
b u f f e r  (2 m l)  and in c u b a te d  f o r  30 min a t  25 °C. Samples (1 
m l)  were removed and r e a c t i o n s  were h a l t e d  by a d d in g  equa l  
vo lumes o f  p y r i d i n e  s o l u t i o n .  S u p e r n a ta n t s  were  e l u t e d  f r o m  
a 10 pm SAX HPLC column and f r a c t i o n s  (2 m l)  were c o l l e c t e d  
and mixed w i t h  s c i n t i l l a n t  ( 8  m l )  f o r  r a d i o a c t i v i t y  c o u n t i n g
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a p p e a re d  t o  have no e f f e c t  on t h e  t u r n o v e r  i n  d u p l i c a t e  
a s s a y s ,  no m e ta b o l is m  was d e t e c t e d .  I n c r e a s i n g  t h e  
c o n c e n t r a t i o n  o f  t h e  d e t e r g e n t  t o  1 . 2% ( w / v )  a l s o  had no 
e f f e c t .
F u r t h e r  e x p e r im e n t s  w i t h  i s o l a t e d  membranes w ere  n o t  
p e r f o r m e d .  The d i s c o v e r y  t h a t  t h e  s i  1 i c a - m i c r o b e a d s  
s e q u e s t e r e d  e x o g e n o u s ly  added r a d i o a c t i v i t y  r e n d e r e d  them  
u s e l e s s .  I t  i s  n o t a b l e  though t h a t  in  c o n t r a s t  t o  t h e  I P 3
q
p h o s p h a ta s e  a s s a y s ,  t h e  H - P I P 2 d e r i v e d  peak rem ained  
u n a f f e c t e d  t h r o u g h o u t .  I t  i s  n o t  known i f  t h i s  was because  
t h e  s u b s t r a t e  and enzyme s o u rc e  d i d  n o t  mix p r o p e r l y ,  o r  due 
t o  i o n i c - c h a r g e .  Even though  no t u r n o v e r  was o b s e rv e d  i n  t h e
q
H - P I P 2 d e r i v e d  pea k ,  i t  would  have been i m p o s s i b l e  t o
q
m o n i t o r  t h e  p r o d u c t i o n  o f  H - I P 3 . Any t r i s p h o s p h a t e  produced  
would  have been i m m e d ia t e l y  s e q u e s t e r e d  by t h e  c a t i o n i c  
beads and rem ained  u n d e t e c t a b l e .  No c o n c l u s i o n s  c o u ld  be 
drawn a b o u t  t h e  e x i s t e n c e  o f  PDE a c t i v i t y  in  y e a s t  f ro m  t h e  
use o f  i s o l a t e d  membranes.
Un ab le  t o  use t h e  i s o l a t e d  membranes as an enzyme s o u rc e  and 
uns ure  i f  i n c l u s i o n  o f  t h e  d e t e r g e n t  in  t h e  b u f f e r  had had 
any b e n e f i c i a l  e f f e c t ,  PDE assay  e x p e r im e n t s  w ere  p e r fo r m e d  
by r e t u r n i n g  t o  t h e  methods o f  Hanson ( 1 9 9 1 ) .  The d e t e r g e n t  
was i n c l u d e d  so t h a t  i t  would  be p o s s i b l e  t o  exam ine  i f  t h e  
p r e v i o u s l y  r e c o r d e d  n e g a t i v e  r e s u l t s  were due t o  n o n -m ix in g  
o f  t h e  enzyme and s u b s t r a t e .  No t u r n o v e r  was r e c o r d e d ,  and 
t h e  c o u n ts  o b t a i n e d  were e x t r e m e l y  low. I t  was t h o u g h t  t h a t
q
t h e  t r a c e r  H - P I P 2 may have decayed beyond u s e f u l n e s s ,  b u t  a
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r e p e a t  e x p e r i m e n t  w i t h  f r e s h  t r a c e r  gave t h e  same r e s u l t .
The p r e s e n c e  o f  t h e  d e t e r g e n t  in  t h e  assay b u f f e r  a p p e a re d  
t o  have no e f f e c t  on t h e  a t t e m p t e d  d e t e c t i o n  o f  PDE a c t i v i t y  
when u s in g  t h e  Hanson ( 1 9 9 1 )  m e th o d o lo g y .  No e v i d e n c e  has
3
been o b t a i n e d  t o  s u g g e s t  breakdown o f  e x o g e n o u s ly  added H-  
P I P 2 o r  t h e  p r o d u c t i o n  o f  I P 3 .
To c o m p le te  t h i s  s e r i e s  o f  e x p e r im e n t s  a P I P 2 a c t i v i t y  assay  
was p e r fo r m e d  u s in g  a w ho le  c e l l  e x t r a c t  resuspended  i n  P I P 2 
b u f f e r  c o n t a i n i n g  t h e  d e t e r g e n t .  The r e s u l t  ap p e a re d  t o  show 
some k in d  o f  t u r n o v e r  a c t i v i t y ,  a l t h o u g h  n o t  t h e  e x p e c t e d  
b e h a v i o u r .  T h e re  was s t i l l  no e v i d e n c e  o f  I P 3 p r o d u c t i o n  b u t  
i n s t e a d  showed a novel  peak in  f r a c t i o n  9.  The o b s e r v a t i o n s  
were n o t  r e p e a t a b l e  however and s ub seque nt  d u p l i c a t e  
e x p e r im e n t s  t o  c o n f i r m  t h e  a c t i v i t y  saw a r e t u r n  t o  t h e  
" s t a n d a r d "  r e s u l t  where  one P I P 2 d e r i v e d  peak was p r e s e n t  
and rem ained  u n a f f e c t e d .
Prompted by t h e  f a i l u r e  o f  t h e  i s o l a t e d  membranes t o  p r o v i d e  
a u s a b le  enzyme s o u r c e ,  bead f r e e  membranes (BFMs) w ere  
p r e p a re d  u s in g  t h e  same b a s i c  m eth o d o lo g y .  O r i g i n a l l y  used  
in  I P 3 p h o s p h a ta s e  ass ays  ( c h a p t e r  3 . 8 . 2 ) .  C y t o s o l i c  
components were  removed,  p r o v i d i n g  an e n r i c h e d  membrane 
f r a c t i o n .  BFMs w ere  resuspended  in  P I P 2 /TWEEN 80 ( 1 .2 %  w /w )  
b u f f e r  (1 m l )  and an a l i q u o t  ( 1 . 2  m l )  was used as t h e  enzyme  
s o u r c e .  Assays were p e r fo r m e d  as d e s c r ib e d  i n  M a t e r i a l s  and  
Methods 2 . 1 9 .  I t  was n o t  p o s s i b l e  t o  d e t e c t  any t u r n o v e r  o f  
P I P 2 t o  I P 3 , b u t  t h e  r e s u l t  ( F i g .  3 . 5 8 )  showed t h e  P I P 2-
3
d e r i v e d  peak d e c r e a s i n g  w i t h  t i m e .  The H - P I P 2 a p p e a re d  t o
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F i g .  3 . 5 8 .  P IP 2 PDE A c t i v i t y  Assayed Using BFMs
Bead f r e e  membranes were p r e p a re d  as p r e v i o u s l y  d e s c r ib e d  
( c h a p t e r  3 . 8 . 2 )  and resuspended in  P I P 2 /TWEEN 80 ( 1 .2 % )  
b u f f e r  (1 m l ) .  The enzyme s o u rc e  was mixed w i t h  H - P I P 2 ( 0 . 1  
pCi ) in  b u f f e r  (3 0 0  p i )  and in c u b a te d  a t  25 °C f o r  60 min 
and samples ( 0 . 5  m l)  were removed d u r in g  t h e  a ss ay .
R e a c t io n s  were h a l t e d  w i t h  equa l  volumes o f  p y r i d i n e  
s o l u t i o n  and s u p e r n a t a n t s  were e l u t e d  from a 10 pm SAX HPLC 
column.  F r a c t i o n s  (2  m l)  were c o l l e c t e d  and counted  f o r  
r a d i o a c t i v i t y  c o n t e n t  in  O p t ip h a s e  ' S a f e ’ ( 8  m l ) .
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have been a f f e c t e d  by some k i n d  o f  a c t i v i t y ,  b u t  t h e  o n l y  
i n c r e a s e  in  r a d i o a c t i v i t y  in  respo nse  t o  t h e  d e c r e a s e  o f  
P I P 2 was in  t h e  a r e a  o f  t h e  p r o f i l e  c o r r e s p o n d i n g  t o  f r e e  
i n o s i t o l .  U s ing  t h e  Dowex r e s i n  co lumns,  i t  was n o t  p o s s i b l e
q
t o  i s o l a t e  H - i n o s i t o l  b u t  t h e  p r o f i l e s  showed e l e v a t e d  
r a d i o a c t i v i t y  in  t h e  f i r s t  few f r a c t i o n s ,  w h ich  i n c r e a s e d  
w i t h  t i m e .  An e x te n d e d  assay  (2  h )  t o  exam ine  t h e  
p o s s i b i l i t y  t h a t  I P 3 was produced  v e r y  s l o w l y  o r  o n l y  as a 
r e s u l t  o f  t h e  c o m p le te  d i s a p p e a r a n c e  o f  t h e  P I P 2~ d e r i v e d  
peak showed e x a c t l y  t h e  same b e h a v i o u r  as t h e  p r e v i o u s  one .
q
Perhaps  t h e s e  r e s u l t s  r e p r e s e n t  d e g r a d a t i o n  o f  H - P I P 2 
r a t h e r  t h a n  t u r n o v e r .  An I P 3 peak o r  lo w e r  i n o s i t o l  
pho spha te  i n t e r m e d i a t e s  w ere  n o t  p r e s e n t  t o  s u p p o r t  t u r n o v e r  
o f  t h e  t r a c e r  and t h e  r e a c t i o n  r a t e s  d i d  n o t  make t h e  
i n s t a n t a n e o u s  p r o d u c t i o n  o f  I P 3 and i t s  s u b s e q u e n t  
d e g r a d a t i o n  t o  i n o s i t o l  a c r e d i b l e  p r o p o s i t i o n .  I t  i s  n o t  
known i f  t h e s e  r e s u l t s  i n d i c a t e d  a d e g r a d a t i o n  o f  t h e  H -  
P I P 2 t r a c e r  o r  j u s t  t h e  P I P 2- d e r i v e d  peak .  The i n c u b a t i o n  o f  
L i + io n s  (2 5  mM) ap p e a re d  t o  i n h i b i t  th e  d e g r a d a t i o n  o f  t h e  
peak in  d u p l i c a t e  e x p e r i m e n t s .  Perhaps t h e  peak was a 
p h o s p h a t e - c o n t a i n i n g  p a r t  o f  t h e  P I P 2 t r a c e r  w h ich  was b e in g  
s l o w l y  d eg ra ded  w i t h  t i m e .  The e f f e c t  o f  t h e  l i t h i u m  io n s  
was c o n f u s i n g  -  t h e  i n i t i a l  o b j e c t i v e  was t o  d i s p r o v e  t h e  
t h e o r y  t h a t  I P 3 was b e in g  produced and d eg ra d ed  e x t r e m e l y  
q u i c k l y .  I f  p h o s p h a ta s e s  were a c t i v e  in  a BFM p r e p a r a t i o n ,  
i t  would  be p o s s i b l e  t o  i n h i b i t  IP-j ph o s p h a ta s e  w i t h  
l i t h i u m .  The d e g r a d a t i o n  o f  t h e  P I P 2- d e r i v e d  peak would  
c o n t i n u e  as normal  even in  t h e  p re s e n c e  o f  l i t h i u m  c h l o r i d e .  
L i t h i u m  i s  n o t  known t o  i n h i b i t  t h e  i n t e r c o n v e r s i o n  o f  t h e
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p h o s p h o i n o s i t i d e s  and t h e  e f f e c t  o f  i t s  i n c l u s i o n  i s  n o t  
u n d e r s to o d .  The peak was shown n o t  t o  be a g e n u in e  i n o s i t o l  
p ho sphate  -  a t e s t  e l u t i o n  w i t h  bona f i d e  3H - I P 2 and 14C-  
I P l  added as m a rk e rs  i n d i c a t e d  t h a t  no c o - e l u t i o n  to o k  
p l a c e .  The r e s u l t  c o u ld  n o t  t h e r e f o r e  be a t t r i b u t e d  t o  L i + -  
i n h i b i t a b l e  ph o s p h a ta s e  a c t i v i t y  o f  t h e  lo w e r  i n o s i t o l  
p h o s p h a t e s .
I t  was n o t  p o s s i b l e  t o  d e m o n s t r a t e  t h e  c o n v e r s i o n  o f
q q
e x o g e n o u s ly  added H - P I P 2 t o  H - I P q  u s ing  a v a r i e t y  o f  
broken  c e l l  p r e p a r a t i o n s  and c o n d i t i o n s .  Maybe t h e  l a c k  o f  
a c t i v i t y  was due t o  t h e  i n a b i l i t y  o f  th e  enzyme and t h e  
s u b s t r a t e  t r a c e r  t o  f u l l y  i n t e r a c t  because o f  v e r y  d i f f e r e n t  
s o l u b i l i t i e s .  E f f o r t s  w ere  t h e r e f o r e  c o n c e n t r a t e d  on
q
d e v e l o p i n g  a method t o  i n c o r p o r a t e  ° H - P I P 2 i n t o  t h e  
membranes o f  i n t a c t  c e l l s .  H a v in g  t h e  r a d i o a c t i v e  t r a c e r  in  
s i t u  m ig h t  f a c i l i t a t e  t h e  d e t e c t i o n  o f  any t u r n o v e r  and 
a v o i d  p o t e n t i a l l y  damaging p r e p a r a t i o n  s t e p s .  I n i t i a l l y ,
q
e x p e r im e n t s  w ere  p e r fo r m e d  t o  d i s c o v e r  i f  H - P I P 2 was t a k e n  
up i n t o  t h e  c e l l s  when p r e s e n t  i n  t h e  growth medium. S t r a i n  
MC3 was grown in  YEPD ( 1 0 0  m l )  w i t h  10 pi  ( 0 . 1  p C i ) o f  3 H-  
P I P 2 a t  25 °C w i t h  s h a k in g  ( 1 2 0  RPM) u n t i l  t h e  m id ­
e x p o n e n t i a l  phase o f  g r o w th .  T h e re  was no r e d u c t i o n  in  t h e  
r a d i o a c t i v i t y  in  t h e  medium, w h ich  i m p l i e d  t h a t  no u p ta k e
q
had o c c u r r e d .  I t  was p o s s i b l e  t h a t  t h e  H - P I P 2 was t a k e n  up 
and m e t a b o l i z e d .  The washed p e l l e t  was s u b j e c t e d  t o  a B l i g h  
and Dyer  ( 1 9 5 9 )  e x t r a c t i o n  and t h e  r a d i o a c t i v e  c o n t e n t  o f  
t h e  aqueous and o r g a n i c  l a y e r s  was exam ined .  The aqueous  
phase was e l u t e d  f ro m  a 10 pm SAX HPLC column,  b u t  produced
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o n l y  a b a s e l i n e  t r a c e .  T h e re  was no e v i d e n c e  f o r  
r a d i o a c t i v i t y  i n c o r p o r a t i o n  in  t h i s  p a r t  o f  t h e  e x t r a c t .  The  
o r g a n i c  phase was a l s o  found t o  c o n t a i n  o n l y  background  
c o u n ts .  A second e x p e r i m e n t  was p e r fo rm e d  i n  which  t h e  c e l l s  
were grown t o  s t a t i o n a r y  phase ,  b u t  e x a c t l y  t h e  same r e s u l t s  
were s e e n .  C e l l  f r e e  e x t r a c t  ( 2 5  m l )  was e l u t e d  f ro m  a 10 cm 
Dowex r e s i n  column c o n n e c te d  t o  t h e  HPLC. The chrom atogram
q
o b t a i n e d  showed t h e  s t a n d a r d  H - P I P 2 p r o f i l e  and i n d i c a t e d  
t h a t  t h e  t r a c e r  had n o t  been m e t a b o l i z e d  o r  a f f e c t e d  i n  any
q
way. I t  was co n c lu d ed  t h a t  H - P I P 2 was n o t  t a k e n  up by y e a s t  
c e l l s  and i t  was i m p o s s i b l e  t o  i n c o r p o r a t e  t h e  r a d i o l a b e l  
i n t o  c e l l  membranes by g ro w in g  them in  t h e  p r e s e n c e  o f  t h e  
t r a c e r .
E l e c t r o p o r a t i o n  was s e l e c t e d  as a p o t e n t i a l  method f o r
q
i n c o r p o r a t i n g  H - P I P 2 i n t o  t h e  y e a s t  c e l l  membranes. I t  was 
hoped t h a t  by t r e a t i n g  t h e  c e l l s  w i t h  e l e c t r i c a l  p u l s e s  in
q
t h e  p r e s e n c e  o f  H - P I P 2 , t h e  t r a c e r  would be t a k e n  i n t o  t h e  
c e l l  membrane and s u b s e q u e n t l y  t u r n e d  o v e r  by PDE a c t i v i t y .  
F o l l o w i n g  i n c u b a t i o n ,  i t  was i n t e n d e d  t o  h a r v e s t  t h e  c e l l s  
and e x t r a c t  w a t e r  s o l u b l e  m e t a b o l i t e s ,  t o  d e t e c t  f o r  I P 3 and  
p o s s i b l y  o t h e r  lo w e r  i n o s i t o l  p h o s p h a te s .
F i r s t ,  s t r a i n  MC3 was grown t o  m i d - e x p o n e n t i a l  phase i n  
YEPD. Samples w ere  t a k e n  i n t o  s t e r i l e  e l e c t r o p o r a t i o n  v i a l s  
( B i o - R a d )  and 2 . 5  pi  ( 0 . 0 2 5  pCi ) o f  3H - P I P 2 were added t o  
each v i a l .  A s i n g l e  p u l s e  o f  1 . 2 5  kV (1 pFD) was a p p l i e d  t o  
each v i a l  and t h e s e  w ere  th e n  i n c u b a te d  f o r  0 - 6 0  min a t  25 
°C w i t h  s h a k in g  ( 1 2 0  RPM). The r e s u l t  was d i f f i c u l t  t o
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e v a l u a t e  s i n c e  t h e  r a d i o a c t i v i t y  l e v e l s  w ere  v e r y  low and a 
number o f  i r r e g u l a r  peaks w ere  p r e s e n t  t h a t  d i d  n o t  
c o r r e s p o n d  t o  any known i n o s i t o l  p h o s p h a te .  However  in  t h e  
sample t a k e n  i m m e d ia t e l y  a f t e r  e l e c t r o p o r a t i o n , peaks  
c o r r e s p o n d ! n g  t o  t h e  H - P I P 2~ d e r i v e d  peak and t h e  p o s i t i o n  
o f  I P 3 r e t e n t i o n  were d e t e c t e d .  These peaks were n o t  p r e s e n t  
in  any o f  t h e  l a t e r  s am p les ,  b u t  i t  was n o t  known i f  t h i s  
was due t o  m e ta b o l is m  o f  t h e  compounds o r  w h e t h e r  t h e  peaks  
were j u s t  c o u n t i n g  e r r o r s  ( b o t h  had a peak h e i g h t  o f  <50 
cpm).  U n a b le  t o  draw any d e f i n i t e  c o n c l u s i o n s  f ro m  t h i s  
r e s u l t ,  a second e x p e r i m e n t  was p e r f o r m e d .  The y e a s t  c e l l s  
were p r e p a r e d  as p r e v i o u s l y  d e s c r i b e d  and in  an a t t e m p t  t o  
improve t h e  l e v e l  o f  r a d i o a c t i v i t y  i n c o r p o r a t i o n , a d o u b le  
p u l s e  o f  1 . 5  kV a t  1 pFD was a p p l i e d .  The chrom atogram  ( F i g .  
3 . 5 9 )  showed what  was e s s e n t i a l l y  an improved v e r s i o n  o f  t h e  
i n i t i a l  r e s u l t .  Two peaks were a g a in  p r e s e n t  i n  t h e  0 min  
sample w h ich  were n o t  p r e s e n t  in  any o t h e r s ,  b u t  t h e y  d i d  
n o t  c o - e l u t e  w i t h  t h e  peaks seen p r e v i o u s l y .  I t  had n o t  been 
p o s s i b l e  t o  r e p e a t  t h e  o b s e r v a t i o n s  o f  t h e  f i r s t  e x p e r i m e n t  
and t h e  n o n - o c c u r r e n c e  o f  any peaks in  t h e  l a t t e r  sam ples  
was n o t  u n d e r s to o d .  The i m p l i c a t i o n  was t h a t  d e g r a d a t i o n  o f  
t h e  t r a c e r  was o c c u r r i n g ,  r a t h e r  th a n  a c t i v e  t u r n o v e r .  The  
P I P 2- d e r i v e d  peak o n l y  o c c u r r e d  i n  t h e  TO min sam ples  and 
i t s  d i s a p p e a r a n c e  was n o t  accompanied by a r e g u l a r l y  
o c c u r r i n g  o r  i n c r e a s i n g  peak e l s e w h e r e .
An e l e c t r o p o r a t i o n  s u r v i v a l  e x p e r i m e n t  was p e r fo r m e d  where  
y e a s t  c e l l s  ( MC3) were  grown t o  m i d - e x p o n e n t i a l  phase,  and 
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F i g .  3 . 5 9 .  3H - P I P 2 T u r n o v e r  Us ing  E l e c t r o p o r a t i o n
S t r a i n  MC3 (100 m l )  was grown t o  e x p o n e n t i a l  phase and
o
samples (1 m l )  were p i p e t t e d  i n t o  e l e c t r o p o r a t i o n  v i a l s .  °H -  
P IP 2 ( 0 .0 2 5  pCi ) was added t o  each v i a l  and t h e  samples  were 
p u ls e d  (2 x 1 .5  kV a t  1 pFD). These were i n c u b a t e d  f o r  0, 15 
and 30 min th e n  h a r v e s t e d  by c e n t r i f u g a t i o n .  R a d i o a c t i v i t y  
was e x t r a c t e d  vi a  t h e  method o f  B l i g h  and Dyer  (1 9 59 )  and 
aqueous e x t r a c t s  were a n a ly s e d  by co lumn c h r o m a t o g r a p h y . 
F r a c t i o n s  (2 m l )  were c o l l e c t e d  and mixed w i t h  (8  m l )  f o r  
d e t e c t i o n  by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g .
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v o l t a g e .  E l e c t r o p o r a t i o n  t r e a t m e n t  had no e f f e c t  on t h e  
v i a b i l i t y  o f  t h e  c e l l s  which s u g g es ted  t h a t  e i t h e r  t h e  YEPD 
medium was an u n s u i t a b l e  b u f f e r  f o r  e l e c t r o p o r a t i o n  s t u d i e s ,  
or  t h e  l e v e l  o f  p u ls e  used so f a r  was i n s u f f i c i e n t  t o  b re a c h  
t h e  c e l l  w a l l s .  I n v e s t i g a t i n g  t h e  l a t t e r  p o s s i b i l i t y  f i r s t ,  
e x p e r im e n t s  w ere  p e r fo rm e d  u s in g  i n c r e a s e d  c h a r g e s ,  b u t  no 
r e p e a t a b l e  r e s u l t s  were o b t a i n e d .
Hashimoto  e t  a 7. ( 1985)  and Evans ( 1 9 9 1 )  d e s c r i b e d  t h e  use  
o f  SH b u f f e r  ( 1 0  mM HEPES, 272 mM Su cro se ,  pH 7 . 4 )  in  
e l e c t r o p o r a t i o n  p r o c e d u r e s  and an e x p e r im e n t  was p la n n e d  t o  
i n v e s t i g a t e  t h e  v i a b i l i t y  o f  c e l l s  p u ls e d  a t  d i f f e r e n t  
v o l t a g e s  when resuspended in  t h i s  s o l u t i o n .  The r e s u l t  
showed a c o n t i n u o u s  d e c r e a s e  in  v i a b i l i t y  w i t h  i n c r e a s i n g  
p u ls e  v o l t a g e  and gave f u r t h e r  c r e d i b i l i t y  t o  t h e  t h e o r y  
t h a t  YEPD i t s e l f  was r e s p o n s i b l e  f o r  t h e  l a c k  o f  suc cess  in  
t h e  p r e v i o u s  a s s a y s .  S ubsequent  t u r n o v e r  assays  w i t h  y e a s t
q
c e l l s  e l e c t r o p o r a t e d  in  SH b u f f e r  f a i l e d  t o  show any H - P I P 2 
c o n v e r s i o n .  A l th o u g h  i t  was p o s s i b l e  t o  r e c o r d  r e d u c t i o n s  in  
v i a b i l i t y  i n  response  t o  p u l s e  t r e a t m e n t ,  t h e  r e s u l t s  showed  
v e r y  l i t t l e  r a d i o a c t i v i t y  i n c o r p o r a t i o n , no p r o d u c t i o n  o f  
novel  peaks and u n r e p e a t a b l e  e l u t i o n  p r o f i l e s .  T h e re  was no 
e v id e n c e  f o r  PDE a c t i v i t y  in  t h e s e  e x p e r im e n t s  and 
a l t e r n a t i v e  m e t h o d o lo g ie s  were i n v e s t i g a t e d .  I t  was p ropo sed  
t h a t  c e l l s  resuspended  in  SH b u f f e r  m ig h t  n o t  be a b l e  t o
q
f u l l y  m e t a b o l i z e  any i n c o r p o r a t e d  H - P I P 2 because t h e y  w ere  
n o t  in  normal  g row th  medium. I f  t h e  e l e c t r o p o r a t i o n  had been  
s u c c e s s f u l ,  t h e  t u r n o v e r  may n o t  be i n i t i a t e d  because o f  a 
m is s in g  s t i m u l u s  ( e . g .  g l u c o s e ) .  R esuspens ion  o f  c e l l s
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reduced t o  2% v i a b i l i t y  in  g lu c o s e  o r  YEPD f a i l e d  t o  show 
any t u r n o v e r .
The f i n a l  e l e c t r o p o r a t i o n  e x p e r im e n t s  u s in g  w ho le  c e l l s  w ere  
p e r fo r m e d  w i t h  t h e  P I P 2 /TWEEN 80 b u f f e r  as t h e  p u l s e  medium.  
The b u f f e r  was c o n s id e r e d  t o  c o n t a i n  a s u f f i c i e n t l y  h ig h  
i o n i c  c o n c e n t r a t i o n  f o r  c h a rg e  t r a n s f e r ,  and i t  was hoped  
would  a l l o w  t u r n o v e r  o f  t h e  P I P 2 by m a i n t a i n i n g  an 
e n v i r o n m e n t  s i m i l a r  t o  t h e  c e l l s ’ n a t u r a l  i n t e r i o r .  The  
r e s u l t s  showed no c o n s t a n t  b e h a v i o u r  and t h e  i n c o n s i s t e n c y  
o f  r e s u l t s  p rovo ked  a f u l l e r  s t u d y  o f  e l e c t r o p o r a t i o n  in  
P I P 2 b u f f e r ;  an a t t e m p t  was made t o  t r y  and d e t e c t  t h e
q
o p t i m a l  c o n d i t i o n s  f o r  H - P I P 2 i n c o r p o r a t i o n . T h re e  
e x p e r im e n t s  were  p e r fo rm e d  u s in g  v a r y i n g  p u l s e  
c h a r a c t e r i s t i c s  t o  exam ine e l e c t r o p o r a t i o n  o f  y e a s t  c e l l s  in  
t h i s  medium.
The o n l y  common f a c t o r  t h r o u g h o u t  t h e  i n v e s t i g a t i o n  was a 
peak a t  f r a c t i o n  14. No c o n s i s t e n t  o r  r e p e a t a b l e  p r o d u c t i o n  
o f  I P 3 was m o n i to r e d  and no e v i d e n c e  was p r o v i d e d  t o  s u g g e s t  
a c t u a l  P I P 2 t u r n o v e r .  E x p e r im e n ts  w i t h  t h i s  m e thodo logy  w ere
q
n o t  c o n t i n u e d ,  and t e c h n i q u e s  t o  i n c r e a s e  t h e  l e v e l  o f  H-  
P I P 2 e l e c t r o p o r a t e d  in  t h e  c e l l s  were exam ined .
3 . 1 0 . 1  The Use o f  S p h a e r o p l a s t s  i n  P I P o T u r n o v e r  _Studi_e_s
q
F o l l o w i n g  t h e  f a i l u r e  o f  t h e  e x p e r im e n t s  t o  i n c o r p o r a t e  J H-  
P I P 2 i n t o  w ho le  c e l l s  s i m p ly  by grow ing  them in  a medium 
c o n t a i n i n g  t h e  t r a c e r  ( c h a p t e r  3 . 1 0 ) ,  a s i m i l a r  e x p e r i m e n t
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was p e r fo rm e d  u s in g  s p h a e r o p l a s t s . I t  was p roposed  t h a t  i f  
s p h a e r o p l a s t s  were in c u b a t e d  i n  an o s m o t i c a l l y  b u f f e r e d
q
medium c o n t a i n i n g  H - P I P 2 , n o t  o n l y  would  r e b u i l d i n g  o f  t h e  
c e l l  w a l l  t a k e  p l a c e  ( I n d g e ,  196 8 )  t h e  t r a c e r  would  be more 
r e a d i l y  i n c o r p o r a t e d  i n t o  t h e  membrane f o r  use in  t u r n o v e r  
s t u d i e s .  No r a d i o a c t i v i t y  was i n c o r p o r a t e d  i n t o  t h e  l i p i d -  
s o l u b l e  phase and t h e  u p ta k e  ap p e a re d  u n s u c c e s s f u l .  The  
e l u t i o n  o f  t h e  aqueous phase a l s o  produced a b a s e l i n e  
p r o f i l e  and i n d i c a t e d  t h a t  w a t e r - s o l u b l e  p r o d u c t s  had n o t  
been d e r i v e d  f ro m  t h e  i n c u b a t i o n .  I t  was n o t  known however  
i f  t h e  l a c k  o f  u p ta k e  was due t o  t h e  absence o f  a s u i t a b l e  
t r a n s p o r t  sys tem ,  o r  w h e t h e r  t h e  f o r m a t i o n  o f  s p h a e r o p l a s t s  
had r e n d e re d  t h e  normal  u p t a k e  mechanisms i n o p e r a t i v e .  So,  
an e x p e r im e n t  was p la n n e d  t o  m o n i t o r  t h e  u p t a k e  o f  
r a d i o a c t i v e  i n o s i t o l  u s in g  s p h a e r o p l a s t s . A sample  o f  t h e  
grow th  medium ( p o s t - h a r v e s t )  and t h e  aqueous e x t r a c t  showed 
o n l y  t h e  p re s e n c e  o f  f r e e  14 C - i n o s i t o ! . The e l u t i o n  o f  t h e  
d e a c y l a t e d  o r g a n i c  phase showed a l a r g e  peak in  t h e  
r e t e n t i o n  p o s i t i o n  o f  P I .  The i n o s i t o l  t r a c e r  had o b v i o u s l y  
been i n c o r p o r a t e d  i n t o  t h e  s p h a e r o p l a s t  membranes, and 
d e m o n s t r a te d  t h a t  t h e  normal  u p t a k e  sys tem ,  a t  l e a s t  f o r
q
i n o s i t o l  was f u l l y  f u n c t i o n a l .  I t  was c o n c lu d e d  t h a t  H - P I P 2 
c o u ld  n o t  be u t i l i z e d  as a component o f  a g row th  medium, as  
an u p ta k e  o r  t r a n s p o r t  sys tem  d i d  n o t  e x i s t .
q
Un ab le  t o  use s p h a e r o p l a s t s  f o r  p a s s iv e  u p t a k e  o f  H - P I P 2 , a 
t e s t  was p e r fo rm e d  t o  see i f  t h e y  c o u ld  be used in  
e l e c t r o p o r a t i o n  e x p e r i m e n t s .  The absence o f  t h e  c e l l  w a l l  
may have a l lo w e d  g r e a t e r  i n c o r p o r a t i o n  o f  t h e  t r a c e r
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m a t e r i a l  -  lo w e r  ch a rg ed  p u l s e s  c o u ld  be used t o  p e n e t r a t e  
t h e  membranes which  was hoped t o  r e s u l t  in  a h i g h e r  
v i a b i l i t y .  A g r e a t e r  t h r i v i n g  p o p u l a t i o n  would  t h e r e f o r e  
re m a in ,  and t h e  chance o f  d e t e c t i n g  t u r n o v e r  would  be 
i n c r e a s e d .  I t  was o n l y  p o s s i b l e  t o  e l e c t r o p o r a t e  
s p h a e r o p l a s t s  i f  t h e  o s m o l a r i t y  o f  t h e  s u s p e n s io n  b u f f e r  was 
reduced t o  0 . 8  M s o r b i t o l .  T h i s  r e s u l t  was r e p e a t a b l e  b u t  
was u n f o r t u n a t e l y  n o t  u s a b l e .  The n e c e s s i t y  o f  h ig h  c h a rg e s  
in  an " i n s u l a t i n g "  b u f f e r  r e s u l t e d  in  s p a rk s  and a r c i n g  o f  
e l e c t r i c i t y  a c r o s s  t h e  e l e c t r o p o r a t o r  as i t  d i s c h a r g e d .  T h i s  
was n o t  c o n s id e r e d  s a f e  and t o  p r o t e c t  th e  machine  and 
o p e r a t o r ,  f u r t h e r  e x p e r i m e n t s  were n o t  p e r f o r m e d .  I t  had n o t  
been p o s s i b l e  t o  use s p h a e r o p l a s t s  in  P I P 2 t u r n o v e r  a s s a y s ,  
due t o  t h e  d i f f i c u l t y  in  s u c c e s s f u l l y  e l e c t r o p o r a t i n g  them.  
T h i s  a l s o  meant  t h a t  i t  had n o t  been p o s s i b l e  t o  p r o v i d e  
e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  PDE a c t i v i t y  i n  a y e a s t  c e l l .  
Time r e s t r a i n t s  p r e v e n t e d  f u r t h e r  i n v e s t i g a t i o n  b u t  t h e
q q
c o n v e r s i o n  o f  e x o g e n o u s ly  added H - P I P 2 t o  H - I P 3 u s in g  a 
y e a s t  c e l l  p r e p a r a t i o n  had n o t  been d e m o n s t r a t e d .
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4 . 0  D I S C U S S I O N
 D i s t r i b u t i o n  o f  A c t i v i t y
The l o s s  o f  r a d i o a c t i v i t y  f ro m  YEPD medium was d e t e c t a b l e  
even in  t h e  absence o f  y e a s t  and s u b seq u e n t  e x p e r im e n t s  
showed t h a t  y e a s t  e x t r a c t  and p e p to n e  t o g e t h e r  produced t h e  
g r e a t e s t  lo s s  o f  r a d i o a c t i v i t y .  I t  was proposed t h a t  t h e  
y e a s t  e x t r a c t  may have c o n t a i n e d  enzymes w h ich  c o u ld  deg ra de  
i n o s i t o l  and hence r e l e a s e  t h e  r a d i o l a b e l .  T h i s  was 
s u p p o r te d  by t h e  f a c t  t h a t  r a d i o a c t i v i t y  was n o t  l o s t  f ro m  
an u n i n o c u l a t e d  f l a s k  c o n t a i n i n g  m in im a l  medium, b u t  t h e  
p re s e n c e  o f  p r o l i f e r a t i n g  c e l l s  caused l a r g e  lo s s e s  o f  
r a d i o a c t i v i t y  in  bo th  m ed ia .  I t  was found t h a t  i n c u b a t i n g  
t h e  f l a s k s  c o n t a i n i n g  r a d i o a c t i v e  i n o s i t o l  f o r  30 min in  
i c e ,  p o s t - i n c u b a t i o n , enhanced t h e  r e c o v e r y  o f  t h e  t r a c e r  
and made i t  p o s s i b l e  t o  r e c l a i m  100% o f  t h e  added
o
r a d i o a c t i v i t y .  I t  was th u s  c o n c lu d e d  t h a t  °H was b e in g  
r e l e a s e d  as r a d i o a c t i v e  w a t e r  v a p o u r  d u r i n g  t h e  i n c u b a t i o n s  
w hich  was e a s i l y  r e c o v e r a b l e  by c o n d e n s a t i o n .  The n a t u r e  o f  
t h e  t r i t i u m  t r a c e r  had i n d i c a t e d  t h a t  compounds l a b e l l e d  in  
t h i s  manner were  n o t  p a r t i c u l a r l y  s t a b l e  ( c h a p t e r  3 . 1 )  and 
r e d i s t r i b u t i o n  o f  t h e  t r a c e r  was t o  be e x p e c t e d .  The 
r a p i d i t y  in  which  t r i t i u m  was l o s t  f rom  i n o s i t o l  was n o t  
e x p e c t e d  however and d o u b t  was t e m p o r a r i l y  c a s t  on t h e  
a b i l i t y  t o  p e r f o r m  r a d i o l a b e l l i n g  e x p e r im e n t s  in  y e a s t .  T h i s
o
pro ve d  t o  be unfounded because H - i n o s i t o l  was r e a d i l y  
i n c o r p o r a t e d  i n t o  t h e  c e l l  v i a  t h e  a c t i v e  u p t a k e  system  
( H e n r y ,  1982;  N ikaw a ,  198 2 )  and t h e  a c t i v i t y  o f  YEPD on
227
r a d i o a c t i v e  compounds d i d  n o t  a f f e c t  t h e  i n v e s t i g a t i o n s  
g r e a t l y .  F o l l o w i n g  t h e  i n i t i a l  l a b e l l i n g  e x p e r i m e n t s  t o  
d e t e c t  and i s o l a t e  i n o s i t o l  ph o s p h a te s  by making t h e  
membrane p h o s p h o l i p i d s  r a d i o a c t i v e ,  a m a j o r i t y  o f  
e x p e r im e n t s  i n v o l v e d  a d d in g  r a d i o a c t i v e  t r a c e r s  t o  
p r e v i o u s l y - p r e p a r e d  y e a s t  c e l l  p r e p a r a t i o n s . These were  
g e n e r a l l y  p e r fo rm e d  in  d e f i n e d  b u f f e r s  f o r  a maximum o f  4 h,  
so l o s s  o f  r a d i o a c t i v i t y  t o  t h e  a tm osphere  was n o t  a m a jo r  
c o n c e rn .  The l o s s  o f  r a d i o a c t i v i t y  f rom  t h e  medium was n o t  
re c o r d e d  u s in g  o t h e r  c h e m ic a l  t r a c e r s  o v e r  24 h p e r i o d s  and 
ap p eared  t o  be s p e c i f i c  t o  r a d i o a c t i v e  i n o s i t o l .  T h i s  
phenomenon had n o t  been r e p o r t e d  p r e v i o u s l y  o r  i n v e s t i g a t e d ,  
b u t  as i t  o n l y  a f f e c t e d  a s m a l l  number o f  e x p e r im e n t s  and 
was e a s i l y  c o n t a i n e d  by c o n d e n s a t i o n ,  e x p e r i m e n t s  were n o t  
p e r fo rm e d  t o  examine t h e  p ro b lem  f u r t h e r .  The f a c t  t h a t  100% 
o f  t h e  r a d i o a c t i v i t y  c o u ld  be r e c o v e r e d  by c o n d e n s a t io n  
i m p l i e d  t h a t  any t r i t i a t e d  w a t e r  vap o u r  p ro d u c e d ,  d i d  n o t  
l e a v e  t h e  f l a s k .  A s a t u r a t e d  a tm osphere  must have e x i s t e d  
above t h e  medium and i t  i s  p o s s i b l e  t h a t  t h e  t r i t i u m  l a b e l  
was c o n s t a n t l y  exchanged between compounds in  t h e  gaseous  
and l i q u i d  phases t o  m a i n t a i n  an e q u i l i b r i u m .  The  
o b s e r v a t i o n  t h a t  i n o s i t o l - d e r i v e d  r a d i o a c t i v i t y  was l o s t  
when c e l l s  were grown in  a medium which d i d  n o t  possess t h e  
p u t a t i v e  d e g r a d a t i o n  enzymes i m p l i e d  t h a t  more th a n  one  
mechanism was c o n t r i b u t i n g  t o  t h i s  a c t i v i t y .  I t  was proposed  
t h a t  t h e  t u r n o v e r  o f  t h e  i n c o r p o r a t e d  i n o s i t o l  (Angus and 
L e s t e r ,  1972;  197 5 )  t o  r e l e a s e  f r e e  3H - i n o s i t o l  and 3H-GPI  
i n t o  t h e  medium, was p a r t i a l l y  r e s p o n s i b l e .  The d e a c y l a t i o n  
o f  r a d i o l a b e l l e d  membrane P I  would  i n v o l v e  t h e
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r e d i s t r i b u t i o n  o f  t r i t i u m  between d i f f e r e n t  compounds and i t  
was t h o u g h t  t h a t  some o f  t h e  l a b e l  may have escaped as H-  
w a t e r  d u r i n g  t h e s e  r e a c t i o n s  and a cc o u n ted  f o r  t h e  l o s s  o f  
r a d i o a c t i v i t y .  T h i s  was n o t  c o n f i r m e d  b u t  t h e  h i g h l y  
h y d r o p h i l i c  n a t u r e  o f  i n o s i t o l  may have e x a c e r b a t e d  t h e  
p ro b le m .  I t  was a l s o  p o s s i b l e  t h a t  t h e  r a d i o a c t i v e  
m e t a b o l i t e s  e x c r e t e d  i n t o  t h e  medium were n o t  as s t a b l y  
l a b e l l e d  as t h e  o r i g i n a l  t r a c e r ,  w h ich  f a c i l i t a t e d  t h e  
t r a n s f e r  o f  t r i t i u m  t o  w a t e r  m o l e c u l e s .  A g a in ,  t h e  t h e o r y  
was n o t  c o n f i r m e d  o r  r e f u t e d ,  nor  was i t  c o n s id e r e d  
i m p o r t a n t  enough t o  promote  f u r t h e r  i n v e s t i g a t i o n .  The 
i n c u b a t i o n  o f  f l a s k s  on i c e  f o r  30 min a f t e r  i n c u b a t i o n  w i t h  
H - i n o s i t o l  was made s t a n d a r d  p r a c t i c e  and no f u r t h e r  
prob lem s were e n c o u n t e r e d .
4.2 Extract i on. Techniques
The a b i l i t y  t o  e x t r a c t  m e t a b o l i t e s  f rom  y e a s t  c e l l s  was an 
i m p o r t a n t  f a c t o r  in  t h i s  p r o j e c t .  I t  would n o t  have been  
p o s s i b l e  t o  m o n i t o r  t u r n o v e r  o f  a P I  t r a n s d u c t i o n  system  i f  
t h e  i n t e r m e d i a t e s  i n v o l v e d  c o u ld  n o t  be i s o l a t e d  and 
a n a l y s e d .  D u r in g  t h e  e a r l y  l a b e l l i n g  e x p e r im e n t s  i t  had been 
no ted  t h a t  even a f t e r  an e x t r a c t i o n  t e c h n i q u e  had been  
p e r fo rm e d  on a p e l l e t ,  a s i g n i f i c a n t  amount o f  r a d i o a c t i v i t y  
was s t i l l  d e t e c t a b l e  i f  t h e  c e l l s  were resuspended  i n  w a t e r  
and cou nted  i n  s c i n t i l l a t i o n  f l u i d .  An i n v e s t i g a t i o n  was 
t h e r e f o r e  p e r fo r m e d  t o  exam ine  t h e  e f f i c a c y  o f  a number o f  
e x t r a c t i o n  t e c h n i q u e s  and m ax im ise  t r a c e r  r e c o v e r y .  The 
t e c h n i q u e s  exam ined ( c h a p t e r  3 . 2 )  showed no s i g n i f i c a n t
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d i f f e r e n c e s  in  mean r a d i o a c t i v i t y  r e c o v e r y .  C e l l  
p e r m e a b i1 i z a t i o n  t e c h n i q u e s  w ere  a l s o  e xa m in ed ,  b u t  t h e  use  
o f  2- m e r c a p t o e t h a n o l  o r  p o ta s s iu m  p h o s p h a t e / i s o p r o p a n o l  
b u f f e r  ( S r i e n c  e t  a l . ,  1 98 3 )  f a i l e d  t o  augment e x t r a c t i o n  o f  
t h e  r a d i o l a b e l l e d  m e t a b o l i t e s  and were n o t  c o n s i d e r e d  
e x h a u s t i v e  enough f o r  f u r t h e r  use .  The use o f  h o t  e t h a n o l  
(R ose ,  A . H . ,  1990;  p e r s .  comm.) t o  b re a k  o r  weaken t h e  c e l l s  
p r i o r  t o  e x t r a c t i o n  d i d  i n c r e a s e  t h e  y i e l d  o f  r a d i o a c t i v e  
m e t a b o l i t e s .  The use o f  h o t  e t h a n o l  ap p eared  t o  f u n c t i o n  as  
a s i n g l e - s t e p  e x t r a c t i o n  p r o c e d u r e  as m in im a l  c o u n ts  were  
d e t e c t e d  in  s u b seq u e n t  B l i g h  and Dyer  ( 1 9 5 9 )  e x t r a c t i o n s  and 
i n  t h e  resuspended p e l l e t .  S h o r t l y  a f t e r  t h i s  i n v e s t i g a t i o n  
had been c o m p le te d ,  a change t o  t h e  approach  o f  t h e  p r o j e c t  
was i n t r o d u c e d  and t h i s  e x t r a c t i o n  t e c h n i q u e  was n o t  
im p lem ented  i m m e d i a t e l y .  I t  was e s s e n t i a l ,  w h a t e v e r  t h e  
e x t r a c t i o n  method, t o  be a b l e  t o  s e p a r a t e  w a t e r  and l i p i d  
s o l u b l e  compounds. The method o f  B l i g h  and Dyer  ( 1 9 5 9 )  was 
p a r t i c u l a r l y  s u i t a b l e  because o f  t h e  f o r m a t i o n  o f  s e p a r a t e  
o r g a n i c  and aqueous l a y e r s  and hence t h i s  t e c h n i q u e  was used  
e x t e n s i v e l y  t h r o u g h o u t  t h e  p r o j e c t  as t h e  s t a n d a r d  
e x t r a c t i o n  p r o c e d u r e .  T h i s  was e x t r e m e l y  u s e f u l  f o r  broken  
c e l l  e x t r a c t s  and s p h a e r o p l a s t s . For  t h e  e x h a u s t i v e  
e x t r a c t i o n  o f  l i p i d s ,  e s p e c i a l l y  f ro m  i n t a c t  c e l l s ,  t h e  h o t  
e t h a n o l  t e c h n i q u e  was combined w i t h  t h e  p r i n c i p l e s  o f  t h e  
B l i g h  and Dyer  ( 1 9 5 9 )  m e th o d o lo g y  ( s e c t i o n  2 . 1 5 ) .  The B l i g h  
and Dyer ( 1 9 5 9 )  t e c h n i q u e  was found  t o  be b o th  q u i c k  and 
e f f i c i e n t  and f a c i l i t a t e d  t h e  e x t r a c t i o n  o f  b o th  l i p i d  and 
w a t e r  s o l u b l e  m o i e t i e s .  I t  was n o t  known i f  t h e  r a d i o a c t i v e  
c o u n ts  in  t h e  p e l l e t  t h a t  were  measured p o s t - e x t r a c t i o n
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com pr ised  a m i x t u r e  o f  l i p i d - s o l u b l e  components o r  j u s t  some 
p a r t i c u l a r  m o ie ty  t h a t  was r e s i s t a n t  t o  t h e  t e c h n i q u e .  The  
t h i n  l a y e r  c h ro m ato g rap h y  s e p a r a t i o n s  ( c h a p t e r  3 . 6 )  
d e m o n s tra te d  t h a t  t h e  p h o s p h o i n o s i t i d e s  w ere  s u c c e s s f u l l y  
r e c o v e r e d ,  b u t  i t  was n o t  known i f  o t h e r  i n o s i t o l - c o n t a i n i n g  
membrane components were b e in g  removed as e f f i c i e n t l y .  P I  i s  
t h e  m a jo r  i n o s i t o l - c o n t a i n i n g  l i p i d  in  y e a s t  and c o n t r i b u t e s  
15.8% o f  t h e  t o t a l  p h o s p h o l i p i d  d r y  w e ig h t  o f  t h e  c e l l  
( R a t l e d g e  and Evans,  1 9 8 9 ) ,  b u t  i n o s i t o l - c o n t a i n i n g  
s p h i n g o l i p i d s  r e p r e s e n t  40-60%  o f  t h e  t o t a l  i n o s i t o l  
c o n t a i n i n g  l i p i d s  in  y e a s t  d ep en d in g  on grow th  c o n d i t i o n s  
and s t r a i n  ( L e s t e r  e t  a l . ,  1 9 7 8 ) .  T h i s  may have r e p r e s e n t e d  
t h e  r a d i o a c t i v i t y  t h a t  was d e t e c t e d  in  t h e  p e l l e t  f o l l o w i n g
q
H - i n o s i t o l  l a b e l l i n g  e x p e r i m e n t s .  T h i s  would  n o t  e x p l a i n
q
t h e  r a d i o a c t i v i t y  d e t e c t e d  a f t e r  o t h e r  t r a c e r s  ( e . g .  H - I P 3 ,
q
H - I P 2 ) had been used and no ev id e n c e  was a v a i l a b l e  to  
s u b s t a n t i a t e  th e  t h e o r y ,  but  i f  s p h i n g o l i p i d s  were not  
e x t r a c t e d  as e f f e c t i v e l y  as o t h e r  l i p i d  compounds, i t  could  
e x p l a i n  th e  rem ain ing  r a d i o a c t i v i t y .
4 . 3  R a d i o l a b e l l i n g  and I s o l a t i o n  o f  I n o s i t o l  P h ospha tes
H a v in g  d e m o n s t r a te d  t h a t  a t  l e a s t  90% o f  added r a d i o a c t i v i t y  
c o u ld  be r e c o v e r e d  f ro m  i n a c t i v a t e d  y e a s t  c e l l s ,  e x p e r im e n t s  
w ere p e r fo rm e d  t o  t r y  and i s o l a t e  r a d i o a c t i v e  i n o s i t o l  
p h o s p h a te s .  The B l i g h  and Dyer  ( 1 9 5 9 )  t e c h n i q u e  was used t o  
e x t r a c t  m e t a b o l i t e s  f ro m  c e l l s  grown in  a medium w i t h  
r a d i o a c t i v e  i n o s i t o l .  A n a l y s i s  by Dowex a n io n  exchange  
column c h ro m a to g ra p h y  showed t h a t  w a t e r  s o l u b l e  m e t a b o l i t e s
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were s e p a r a t i n g  i n t o  t h e  aqueous phase o n l y  ( F i g .  3 . 6 )  and
f o l l o w i n g  sample  a p p l i c a t i o n  and su b seq u e n t  w ashing  w i t h
d i s t i l l e d  w a t e r ,  i t  was p o s s i b l e  t o  d e m o n s t r a t e  t h a t  f u r t h e r
r a d i o a c t i v i t y  was r e l e a s e d  when an e l u t i n g  b u f f e r  c a p a b l e  o f
removing I P 5 / 6  was a p p l i e d  ( F i g .  3 . 7 ) .  I t  was t h e r e f o r e
co n c lu d ed  t h a t  t h e  r a d i o a c t i v e  i n o s i t o l  was b e in g
i n c o r p o r a t e d  i n t o  t h e  y e a s t  c e l l s  and c o n v e r t e d  i n t o
i n o s i t o l  p h o s p h a te s .  C o n f i d e n t  t h a t  i n o s i t o l  p h o sp h a tes  w ere
b e in g  e x t r a c t e d ,  a s t e p w i s e  e l u t i o n  system was i n t r o d u c e d  t o
s e p a r a t e  i n d i v i d u a l  i n o s i t o l  p h o s p h a te s .  The l a r g e  I P 3 peak
o r i g i n a l l y  d e t e c t e d  i n  t h e  e l u t i o n  p r o f i l e  was
d i s p r o p o r t i o n a t e l y  l a r g e  because t h e  m o b i le  phase used t o
e l u t e  I P 3 a l s o  removed I P 2 and IP-j f ro m  t h e  co lumn.  F u r t h e r
s t e p s  were i n t r o d u c e d  i n t o  t h e  e l u t i o n  p r o f i l e  and i t  was
d i s c o v e r e d  t h a t  t h e  peak seen p r e v i o u s l y  was com pr ised
t o t a l l y  o f  r a d i o a c t i v i t y  t h a t  e l u t e d  in  t h e  p o s i t i o n s  o f  I P 2
and IP-j . No I P 3 was d e t e c t e d .  I n  t h e  i n i t i a l  e x p e r i m e n t s ,
3c e l l s  were i n c u b a t e d  in  t h e  medium w i t h  H - i n o s i t o l  u n t i l  
s t a t i o n a r y  pha se .  The p r e m is e  was t h a t  t h e  ass ay  was s t i l l  
in  t h e  d e v e lo p m e n t a l  s t a g e  and i t  was n e c e s s a r y  t o  d e t e r m i n e  
i f  t h e  e x t r a c t i o n  c o u ld  d ea l  w i t h  c e l l s  in  s t a t i o n a r y  phase ,  
when t h e  c e l l  w a l l  was t h e  most d i f f i c u l t  t o  p e n e t r a t e .  I t  
a l s o  a l l o w e d  f o r  maximal  l a b e l l i n g .  A l th o u g h  
p h o s p h a t i d y 1 i n o s i t o l  s y n th a s e  a c t i v i t y  rem a ins  c o n s t a n t  
t h r o u g h o u t  t h e  d i f f e r e n t  g row th  phases and i s  u n a f f e c t e d  by 
l i p i d  c o n t e n t  ( B a e - L e e  and Carman, 1 9 9 0 ) ,  t h e  P I  c o n t e n t  o f  
y e a s t  c e l l s  i s  g r e a t e r  in  s t a t i o n a r y  phase t h a n  in  
e x p o n e n t i a l  phase (Homann, 1 9 8 7 ) .  T h e r e f o r e  i t  was t h o u g h t  
t h a t  o t h e r  m e t a b o l i t e s  r e l a t e d  t o  t h e  P I  t r a n s d u c t i o n  sys tem
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may a l s o  be e l e v a t e d  i n  s t a t i o n a r y  phase.  The e x t r a c t i o n  
f a i l e d  t o  show t h e  p re s e n c e  o f  I P 3 , so c e l l s  w ere  h a r v e s t e d  
in  m i d - e x p o n e n t i a l  phase .  As c e l l s  e n t e r  t h e  s t a t i o n a r y  
phase ,  m e t a b o l i c  pathways  b e g in  t o  s low  down o r  c e a s e .  T h i s  
was t h o u g h t  t o  be t h e  reason  f o r  n o n - d e t e c t i o n  o f  I P 3 . C e l l s  
h a r v e s t e d  in  m i d - e x p o n e n t i a l  phase gave t h e  same r e s u l t s  as  
b e f o r e .  No I P 3 was d e t e c t e d  b u t  t h e  same l e v e l s  o f  
r a d i o a c t i v i t y  w ere  d e t e c t e d ,  i n d i c a t i n g  t h a t  i n c u b a t i o n  t o  
s t a t i o n a r y  phase was n o t  e s s e n t i a l  f o r  maximal l a b e l l i n g .
GPI was d e t e c t e d  r e g u l a r l y  i n  t h e s e  assays  i n d i c a t i n g  t h a t  
some m e t a b o l i c  t u r n o v e r  was o c c u r r i n g ,  bu t  I P 2 and IP-j were  
t h e  o n l y  i n o s i t o l  p ho spha tes  e l u t e d .  T h i s  i n d i c a t e d  t h a t  t h e  
PI  s i g n a l  t r a n s d u c t i o n  sys tem  e x i s t e d  and o p e r a t e d  in  y e a s t ,  
and a l t h o u g h  I P 3 was n o t  d e t e c t e d ,  i t  was b e l i e v e d  t h a t  t h i s  
was a f u n c t i o n  o f  low c o n c e n t r a t i o n s  o f  t h e  t r i s p h o s p h a t e  
b e in g  m e t a b o l i z e d  e x t r e m e l y  q u i c k l y .  I t  was assumed t h a t  t h e  
peaks were t h e  p r o d u c t s  o f  i n o s i t o l  pho sphate  p r o d u c t i o n ,  
f o l l o w i n g  a g o n i s t - m e d i a t e d  h y d r o l y s i s  o f  P I P 2 . A l th o u g h  a 
w i l d  t y p e  s t r a i n  was used ,  i t  was i m p o s s i b le  f o r  r a d i o a c t i v e  
i n o s i t o l  ph o sp h a te  t o  have been d e r i v e d  f ro m  de novo  
i n o s i t o l  p r o d u c t i o n .  W i l d  t y p e  c e l l s  c o n v e r t  g l u c o s e - 6-  
pho spha te  t o  i n o s i t o l  v i a  i n o s i t o l - 1 - p h o s p h a t e  ( C u l b e r t s o n  
e t  a l . , 1976)  and t h i s  I P 1 can be e x t r a c t e d  f ro m  t h e  
c y t o s o l .  I P 1 would  n o t  be d e t e c t a b l e  though as i t  would  n o t  
be r a d i o l a b e l l e d .  The exogenous r a d i o a c t i v e  i n o s i t o l  i s  
t a k e n  i n t o  t h e  membrane and i n c o r p o r a t e d  i n t o  p h o s p h o l i p i d  
P I .  R a d i o a c t i v e  IP-j c o u ld  o n l y  be produced as a r e s u l t  o f  
t h e  h y d r o l y s i s  o f  P I  i t s e l f  o r  by t h e  d e p h o s p h o r y l a t i o n  o f  
I P 3 t o  I P 2 t o  IP-j . I t  was d i s c o v e r e d  however t h a t  t h e  lo w e r
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i n o s i t o l  ph o sp h a te  peaks d e t e c t e d  p r e v i o u s l y  w ere  n o t  
com pr ised  o f  bona f i d e  i n o s i t o l  p h o s p h a te s ,  b u t  were
o
r a d i o l y t i c  d e c o m p o s i t io n  p r o d u c t s ,  ( d e r i v e d  f ro m  t h e  H-  
i n o s i t o l )  wh ich  c o - e l u t e d  w i t h  t h e  lo w e r  i n o s i t o l  
p h o s p h a te s .  T h i s  was c o n f i r m e d  by e l u t i n g  a sam ple  o f  t h e  
t r a c e r  f rom  a Dowex r e s i n  co lumn.  The same peaks  were  
d e t e c t e d  in  t h e  "pure"  t r a c e r  sample and i t  a p p e a re d  as i f  
t h e s e  c o n t a m i n a n t  peaks w ere  s o l e l y  r e s p o n s i b l e  f o r  t h e  I P 2 
and IP-j peaks d e t e c t e d  p r e v i o u s l y .  I t  co u ld  be co n c lu d e d  
t h a t  t h e  e l u t i o n  system  f u n c t i o n e d  p r o p e r l y  as t h e  two peaks  
w ere  s u c c e s s f u l l y  s e p a r a t e d .  Doubt  was th e n  c a s t  on t h e  
e x i s t e n c e  o f  t h e  s i g n a l l i n g  pathway because no i n o s i t o l  
p h o sp h a tes  had been d e t e c t e d .  F u r t h e r  e x p e r im e n t s  were  
c u r t a i l e d  u n t i l  a d i f f e r e n t  i n o s i t o l  t r a c e r  c o u ld  be 
o b t a i n e d  in  which  t h e  d e c o m p o s i t io n  c o u ld  be r e t a r d e d  o r  
h a l t e d .  I t  was a l s o  p la n n e d  t o  use i n o s i t o l - r e q u i r i n g
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s t r a i n s  t o  augment t h e  l e v e l  o f  H - i n o s i t o l  i n c o r p o r a t e d . 
I n o s i t o l  a u x o t r o p h s  o f  Sacch.  c e r e v i s i a e  were  d e s c r i b e d  by 
C u l b e r t s o n  and Henry  ( 1 9 7 5 ) .  I n o s i t o l - 1 - p h o s p h a t e  s y n th a s e  
f ro m  y e a s t  has been p u r i f i e d  (Donahue and H e n r y ,  1 98 1 )  and 
fo u n d  t o  be a t e t r a m e r  o f  a p p r o x i m a t e l y  2 4 0 , 0 0 0  Da,  
c o n s i s t i n g  o f  i d e n t i c a l  s u b u n i t s  o f  a p p r o x i m a t e l y  6 2 , 0 0 0  Da.  
The IN01  lo c u s  i s  t h e  s t r u c t u r a l  lo c u s  f o r  t h e  s i n g l e  
s u b u n i t  o f  I n s ( 1 ) P - j  s y n th a s e  and m u t a t i o n s  a t  t h i s  lo c u s  
e l i m i n a t e  t h e  s y n th a s e  a c t i v i t y  (Donahue and H e n r y ,  1981;  
C u l b e r t s o n  e t  a l . ,  1 9 7 6 ) .  S t a r v a t i o n  o f  ino'\ m u ta n ts  f o r  
i n o s i t o l  l e a d s  t o  an im m e d ia te  d e c l i n e  in  t h e  r a t e  o f  
s y n t h e s i s  o f  P I  (H e n r y  e t  a 7 . ,  1 977 ; B ecker  and L e s t e r ,
1 9 7 7 )  b u t  t h e r e  i s  no c o u p le d  d e c r e a s e  in
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p h o s p h a t i d y l c h o l i n e  s y n t h e s i s .  I n o s i t o l  a u x o t r o p h s  a r e  
t o t a l l y  dep enden t  on e x t e r n a l  i n o s i t o l ,  and u s in g  such an 
i n o s i t o l - r e q u i r i n g  m u ta n t  i n  l a b e l l i n g  e x p e r i m e n t s  i t  was 
hoped t o  improve both  t h e  r a t e  and l e v e l  o f  i n c o r p o r a t i o n  o f
q q
H - i n o s i t o l .  I n c r e a s e d  l e v e l s  o f  H - i n o s i t o l  i n  t h e  medium 
w ere  a l s o  c o n s id e r e d  as a method o f  r a i s i n g  t h e  
r a d i o a c t i v i t y  o f  any P I  t u r n o v e r  m e t a b o l i t e s .  T h e re  was no 
e v i d e n c e  f o r  t h e  t r a n s d u c t i o n  sys tem  in  y e a s t .
4 . 4  D e t e c t i o n  o f  I n o s i t o l  P h ospha tes
G enu ine  i n o s i t o l  ph o s p h a te s  w ere  d e t e c t e d  and s e p a r a t e d  when 
a nove l  approach  t o  l a b e l l i n g  t h e  c e l l s  was used .  The 
i n t r o d u c t i o n  o f  i n o s i t o l - r e q u i r i n g  m utants  and a p e r i o d  o f  
i n c u b a t i o n  in  a medium w i t h o u t  i n o s i t o l  a p p e a re d  t o  p rom ote
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r a p i d  u p ta k e  o f  H - i n o s i t o l  when added s u b s e q u e n t l y  and 
t u r n o v e r  o f  t h e  l a b e l l e d  p h o s p h o l i p i d s .  I t  a l s o  a v o id e d  long  
t e r m  i n c u b a t i o n s  which  prom oted l o s s  o f  ° H - i n o s i t o l .  U s in g  
t h e  new m ethodo logy  ( s e c t i o n  2 . 1 1 ) i t  was p o s s i b l e  t o  d e t e c t  
r a d i o l a b e l l e d  G P I , IP1 and I P 2 . The GPI was j u s t  a f u n c t i o n  
o f  t h e  d e a c y l a t i o n  o f  P I  and had been p r e v i o u s l y  d e t e c t e d ,  
b u t  t h e  i n o s i t o l  pho sp h a te  peaks had no t  been seen b e f o r e .  
E l u t i o n  o f  t h e  t r a c e r  m a t e r i a l  f ro m  an a n io n  exchange  column  
showed no c o n t a m i n a n t  peaks and t h e  r e s u l t  was c o n s i d e r e d  t o  
d e m o n s t r a t e  lo w e r  i n o s i t o l  ph o sp h a te  p r o d u c t i o n .  I n o s i t o l  
b i s p h o s p h a t e  was d e t e c t e d  when t h e  assay was e x te n d e d  t o  30  
and 60 min ( F i g .  3 . 1 0 )  and showed an i n c r e a s e  o v e r  t h i s  
t i m e .  K a ib u c h i  e t  a l . ( 198 6 )  s t a t e d  t h a t  a l t h o u g h  t h e y  had 
d e t e c t e d  both  IP-) and I P 3 , t h e y  had no t  d e t e c t e d  I P 2 .
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C o n s i d e r in g  t h a t  I P 2 i s  p roduced o n l y  as a r e s u l t  o f  I P 3 
d e p h o s p h o r y l a t i o n  ( o r  P IP  h y d r o l y s i s ,  Downes e t  a l . , 1989 )  
and IP-j i s  produced f rom  t h e  d e p h o s p h o r y l a t i o n  o f  I P 2 , t h i s  
seemed t o  be a v e r y  unusual  o b s e r v a t i o n .  K a ib u c h i  e t  a 7.
( 1 9 8 6 )  a l s o  used i n o s i t o l - r e q u i r i n g  m u t a n t s ,  so p r o d u c t i o n  
o f  IP-j v i a  I n s ( 1 ) P i  s y n th a s e  was im p o s s i b le  and had t o  be 
d e r i v e d  f ro m  I P 2 o r  t h e  h y d r o l y s i s  o f  membrane 
p h o s p h o i n o s i t i d e s . The e l u t i o n  t e c h n i q u e  o f  K a ib u c h i  e t  a l .
( 1986)  would  have s e p a r a t e d  I P 3 , I P 2 and IP-j i n t o  t h e i r  
c o r r e c t  f r a c t i o n s ,  so t h e  r e s u l t  d i d  n o t  a p p e a r  t o  be m is -  
i d e n t i f i c a t i o n .  The r e s u l t s  o f  K a ib u c h i  e t  a l . ( 1 9 8 6 )  
i m p l i e d  t h a t  t h e  i n o s i t o l - 1- p h o s p h a t e  d e t e c t e d  was n o t  
d e r i v e d  f ro m  t h e  d e p h o s p h o r y l a t i o n  o f  I P 2 , b u t  f ro m  t h e  
h y d r o l y s i s  o f  P I .  T h i s  would  e x p l a i n  t h e  c o m p le te  absence o f  
I P 2 , as an i n o s i t o l  p h o sp h a te  d e p h o s p h o r y l a t i o n  pathway d i d  
n o t  a p p e a r  t o  be f u n c t i o n i n g .  I t  i s  n o t  c l e a r  why P I  and 
P I P 2 were h y d r o ly s e d  by p h o s p h o i ip a s e  C a c t i v i t y  as a r e s u l t  
o f  g l u c o s e - s t i m u l a t i o n , and P IP  was n o t .  The c o n c l u s i o n  must  
be drawn f rom  t h e  r e s u l t s  o f  K a ib u c h i  e t  a l . ( 1 9 8 6 )  t h a t  an 
i n o s i t o l  pho spha te  pathway does n o t  e x i s t  o r  o p e r a t e  in  
y e a s t .  Over  t h e  p e r i o d  o f  t h e  i n c u b a t i o n  ( 6 0  m in )  t h e r e  was 
no r e p o r t e d  d e c r e a s e  o f  e i t h e r  I P 3 o r  IP-j , and no r e p o r t  o f  
I P 2 p r o d u c t i o n .
The r e s u l t s  i l l u s t r a t e d  in  c h a p t e r  3 . 5  show t h e  i s o l a t i o n  o f  
I P 2 and I P 1 . The l e v e l  o f  I P 2 was seen t o  d e c r e a s e  w i t h  t im e  
and IP-j and GPI i n c r e a s e d .  These r e s u l t s  c o n t r a d i c t  th o s e  
d e s c r i b e d  above in  two w a y s : -
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1] T h ro u g h o u t  t h e  i n v e s t i g a t i o n s ,  I P 2 was i s o l a t e d
r e g u l a r l y  b u t  an I P 3 peak was n e v e r  d e t e c t e d .
2 ]  The l e v e l s  o f  t h e  i n o s i t o l  phosphate  f l u c t u a t e d  w i t h
t i m e ,  i n d i c a t i n g  t h e  p r e s e n c e  o f  a p h o s p h a ta s e  -  based  
d e g r a d a t i o n  system
T h i s  was t h e  f i r s t  p o s i t i v e  e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  a 
t r a n s d u c t i o n  system  in  y e a s t .  A l th o u g h  I P 3 had n o t  been 
d e t e c t e d ,  t h e  a p p e a ra n c e  o f  i n o s i t o l  ph o s p h a te s  in  t h e  
e l u t i o n  p r o f i l e  and t h e  d e g r a d a t i o n  o f  I P 2 t o  IP-j showed 
t h a t  some o f  t h e  pathway i n t e r m e d i a t e s  were  p r e s e n t .  D e s p i t e  
a t e n - f o l d  i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  e x o g e n o u s ly
3
added H - i n o s i t o l  in  t h e  medium, and t h e  i n c l u s i o n  o f  
u n l a b e l l e d  c a r r i e r  i n o s i t o l ,  i t  was n o t  p o s s i b l e  t o  
d e m o n s t r a t e  I P 3  p r o d u c t i o n .  I t  was c o n c lu d ed  t h a t  t h e  
t r i s p h o s p h a t e  must have been produced in  v e r y  s m a l l  
c o n c e n t r a t i o n s  and m e t a b o l i z e d  r a p i d l y .  T h i s  d i d  n o t  seem t o  
a g r e e  w i t h  t h e  o b s e rv e d  r e s u l t s  -  a sm a l l  I P - j  peak had been 
d e t e c t e d  a f t e r  10 min ,  b u t  I P 2  had o n l y  been d e t e c t e d  a f t e r  
30 min .  I f  I P 3  had been c o n v e r t e d  r a p i d l y ,  th e n  I P 2  sh o u ld  
have been produced b e f o r e  I P 1 . A l th o u g h  t h e  l e v e l  o f  I P 2  
d e c re a s e d  a f t e r  i t s  i n i t i a l  d e t e c t i o n ,  t h e  r e s u l t s  i m p l i e d  
t h a t  t h e  normal  m a m m a l ia n -1 i k e  t u r n o v e r  sys tem  was n o t  
o p e r a t i n g  in  y e a s t .  The i m p l i c a t i o n  was t h a t  t h e  I P 2  was 
produced as a r e s u l t  o f  t h e  h y d r o l y s i s  o f  P I P .  F o l l o w i n g  
h y d r o l y s i s ,  I P 2  was r e l e a s e d  i n t o  t h e  c y t o s o l  and 
s u b s e q u e n t l y  d e g ra d e d .  T h i s  a l s o  meant t h a t  t h e  I P - j  peak  
d e t e c t e d  o r i g i n a l l y  was p r o b a b ly  produced by t h e  h y d r o l y s i s
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o f  P I .  I t  was c o n s id e r e d  t h a t  I P 2 was t h e  second messenger  
i n  y e a s t  as opposed t o  I P 3 , b u t  no e v i d e n c e  was a v a i l a b l e  t o  
s u p p o r t  t h i s .
E x p e r im e n ts  t o  in d u c e  t h e  r e c e p t o r - m e d i a t e d  h y d r o l y s i s  o f  
P I P 2 t o  produce  I P 3 by i n c l u d i n g  a g lu c o s e  o r  
g l u c o s e / n u t r i e n t  s t i m u l u s  w ere  u n s u c c e s s f u l .  I f  t h e  p r e v i o u s  
r e s u l t s  were due t o  t h e  s p l i t t i n g  o f  t h e  i n o s i t o l  
p h o s p h o l i p i d s  and o n l y  I P 2 and IP-| had been d e t e c t e d ,  th e n  
t h e  reason  I P 3 had n o t  been o b s e rv e d  was because  t h e  r i g h t  
s t i m u l u s  t o  i n i t i a t e  t h e  h y d r o l y s i s  o f  P I P 2 was n o t  p r e s e n t .  
The p re m is e  was t h a t  P I  and P IP  may be r e g u l a r l y  h y d r o ly s e d  
i n  t h e  normal  m e ta b o l is m  o f  t h e  y e a s t  c e l l ,  b u t  t h e  
h y d r o l y s i s  o f  P I P 2 t o  r e l e a s e  t h e  second messenger  r e q u i r e d  
s p e c i f i c  c o n d i t i o n s  and s t i m u l i .  No I P 3 was d e t e c t e d  in  any  
o f  t h e  g l u c o s e - s t i m u l u s  e x p e r i m e n t s  and t h e  r e s u l t s  o b t a i n e d  
w ere  a g a in  c o n t r a r y  t o  t h o s e  o f  K a ib u c h i  e t  a 7. ( 1 9 8 6 ) .
Peaks e l u t i n g  in  t h e  p o s i t i o n s  o f  G P I ,  IP-j and I P 2 were  
d e t e c t e d  r e g u l a r l y  b u t  t h e  i n c l u s i o n  o f  g lu c o s e  " s t i m u l u s "  
had had no e f f e c t  on t h e  r e s u l t s .  The e f f e c t  o f  g lu c o s e  i s  
d is c u s s e d  f u r t h e r  in  c h a p t e r  4 . 6 .
A l th o u g h  I P 3  had n o t  been o b s e r v e d ,  i t  had been p o s s i b l e  t o  
i s o l a t e  and s e p a r a t e  some o f  t h e  lo w e r  i n o s i t o l  p h o sphates  
( G P I ,  I P - j  and I P 2 ) f rom  y e a s t .  Hence some k i n d  o f  i n o s i t o l -  
based t u r n o v e r  was o c c u r r i n g  a l t h o u g h  t h e  s o u rc e  o f  t h e  
i n o s i t o l  p h o s p h a te s  was n o t  e n t i r e l y  c l e a r .  T h i s  i m p l i e d  
t h a t  t h e  I P 2  and p o s s i b l y  some o f  t h e  I P 1 were  d e r i v e d  f rom  
t h e  h y d r o l y s i s  o f  P I P  and P I .  D e g r a d a t io n  o f  I P 2  was
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m o n i to r e d  how ever ,  w i t h  t h e  c o n c o m i t a n t  i n c r e a s e  in  IP-j and 
t h i s  i n d i c a t e d  t h a t  t h e  i n o s i t o l  phosphate  d e g r a d a t i o n  
pathway p o s s i b l y  e x i s t e d  in  y e a s t .  Some e v i d e n c e  was 
t h e r e f o r e  a v a i l a b l e  t o  s u g g e s t  t h e  P I  t r a n s d u c t i o n  system  
was p r e s e n t ,  b u t  t h e  c r u c i a l  P I P 2 t o  I P 3 c o n v e r s i o n  was n o t  
shown.
4 . 5  Background E v id e n c e  f o r  t h e  T r a n s d u c t i o n  System
Using  s i m p le  l a b e l l i n g  t e c h n i q u e s ,  i t  was p o s s i b l e  t o  
m o n i t o r  t h e  i n c o r p o r a t i o n  o f  r a d i o a c t i v e  i n o s i t o l  i n t o  
p r o l i f e r a t i n g  y e a s t  c e l l s .  E v id e n c e  was r e q u i r e d  t o  show 
t h a t  t h e  t r a c e r  was b e in g  e f f e c t i v e l y  t a k e n  up f rom  t h e  
medium and d i s t r i b u t e d  amongst  t h e  i n o s i t o l  p h o s p h o l i p i d s .  
I t  was t h o u g h t  t h a t  t h e  i n a b i l i t y  t o  d e m o n s t r a t e  t h e  
p r e s e n c e  o f  I P 3 was a r e s u l t  o f  i n a d e q u a t e  l a b e l l i n g  o f  t h e  
p r e c u r s o r  P I P 2 . H a v in g  shown t h a t  t h e  u p ta k e  o f  H - i n o s i t o l  
f ro m  t h e  medium f o l l o w e d  t h e  same t im e  c o u rs e  as t h e  grow th  
c u r v e ,  i t  was co n c lu d e d  t h a t  i f  c e l l s  in  e a r l y  e x p o n e n t i a l  
phase were resuspended  in  f r e s h  medium c o n t a i n i n g  H-  
i n o s i t o l ,  th e n  maximum l a b e l l i n g  c o u ld  be a c h ie v e d  in  a 
p e r i o d  o f  5 - 6  hours  ( s e e  F i g .  3 . 1 3 ) .  I t  was n o t  t h e r e f o r e
o
e s s e n t i a l  t o  grow c e l l s  t o  s t a t i o n a r y  phase i n  H - i n o s i t o l  
t o  o b t a i n  maximal  l a b e l l i n g .  Longer  i n c u b a t i o n s  p r o v i d e d  
h i g h e r  l e v e l s  o f  r a d i o a c t i v e  c o u n ts  s i m p ly  as a r e s u l t  o f  
h i g h e r  c e l l  d e n s i t i e s .  A s u b s e q u e n t  e x p e r i m e n t  ( F i g .  3 . 1 4 )  
app eared  t o  show 2 peaks in  t h e  r a d i o a c t i v i t y  p e r  c e l l ,  
p o s s i b l y  i m p l y i n g  t h a t  s e p a r a t e  i n o s i t o l  p o o ls  were  
e q u i l i b r a t i n g  d u r i n g  i n c o r p o r a t i o n  o f  t h e  t r a c e r .  Many
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l a b e l l i n g  s t u d i e s  in  mammalian c e l l s  su g g e s te d  t h a t  t h e  
i n o s i t o l  l i p i d ,  which i s  h y d r o ly s e d  d u r i n g  t ransm em brane  
s i g n a l l i n g  in  response  t o  r e c e p t o r  a c t i v a t i o n ,  m ig h t  be 
drawn f rom  a m e t a b o l i c a l 1y d i s c r e t e  and r e l a t i v e l y  s m a l l ,  
h o r m o n e - s e n s i t i v e  pool  t h a t  t u r n s  o v e r  more r a p i d l y  th a n  t h e  
b u l k  o f  membrane i n o s i t o l  l i p i d .  I t  was n o t  known i f  t h e  2 
peaks r e p r e s e n t e d  i n c o r p o r a t i o n  i n t o  t h e  membrane f r a c t i o n ,  
c y t o s o l  o r  b o t h ,  b u t  t h e  t w o - s t a g e  c e l l  l a b e l l i n g  c u r v e  
i n d i c a t e d  t h a t  i n o s i t o l  u p t a k e  i n v o l v e d  m u l t i p l e  i n o s i t o l -  
s i n k  p o o ls .  Dual l a b e l l i n g  e x p e r im e n t s  in  mammalian c e l l s  
( M a c c a l lu m  e t  a l . ,  1989 )  showed t h a t  hormone s t i m u l a t e d  
i n o s i t o l  l i p i d  h y d r o l y s i s  can c a l l ,  e i t h e r  d i r e c t l y  o r  
i n d i r e c t l y ,  upon t h e  m a j o r i t y  o f  t h e  i n o s i t o l  l i p i d  
complement o f  t h e  s t i m u l a t e d  c e l l .  I f  s e p a r a t e  i n o s i t o l  
p o o ls  a r e  p r e s e n t ,  t h e y  d i d  n o t  g r e a t l y  a f f e c t  t h e  
a v a i l a b i l i t y  o f  i n o s i t o l  in  t h e  mammalian c e l l s  
i n v e s t i g a t e d .  I t  i s  n o t  known how r e l e v a n t  t h i s  i n f o r m a t i o n  
was t o  y e a s t  c e l l s ,  and t h e  m a t t e r  was n o t  i n v e s t i g a t e d  
f u r t h e r .
Us ing  TLC d e m o n s t r a te d  t h a t  i n c o r p o r a t e d  r a d i o a c t i v e  
i n o s i t o l  was d i s t r i b u t e d  t o  P I ,  P IP  and P I P 2 . The l i p i d s  
w ere  s u c c e s s f u l l y  l a b e l l e d  b u t  were  n o t  d e t e c t e d  in  a r a t i o  
t h a t  had been r e c o r d e d  p r e v i o u s l y .  T h i s  may be due t o  
v a r i a t i o n s  in  s t r a i n ,  g row th  phase o r  t h e  method o f  a s s a y .  
The l e v e l s  o f  r a d i o a c t i v i t y  i n c o r p o r a t e d  i n t o  P I P 2 were  
g e n e r a l l y  v e r y  low ,  and t h i s  m ig h t  be a m a jo r  f a c t o r  in  t h e  
i n a b i l i t y  t o  d e t e c t  I P 3 . The v e r y  low l e v e l s  o f  l a b e l l e d  
P I P 2 promoted i n v e s t i g a t i o n  o f  t h e  2 s e p a r a t e  e n z y m a t i c
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s t e p s  i . e .  t h e  breakdown o f  e x o g e n o u s ly  added H - I P 3 u s in g  
c e l l u l a r  m a t e r i a l  and t h e  c o n v e r s i o n  o f  e x o g e n o u s ly  added  
H - P I P 2 . The v e r y  low l e v e l s  o f  P I  in  t h e  y e a s t  membrane 
a p p e a re d  t o  make l a b e l l i n g  P I P 2 t o  a s u f f i c i e n t l y  h ig h  l e v e l  
v e r y  d i f f i c u l t  and hence f u r t h e r  l a b e l l i n g  e x p e r i m e n t s  were  
n o t  p e r fo r m e d  in  t h i s  manner.
Y e a s t  was shown t o  a c t i v e l y  t a k e  up i n o s i t o l  t r a c e r  f ro m  t h e  
g ro w th  medium, and d i s t r i b u t e  t h e  r a d i o a c t i v i t y  t o  t h e  
p h o s p h o i n o s i t i d e s . T h i s  p r o v i d e d  e x c e l l e n t  background  
e v i d e n c e  f o r  t h e  t r a n s d u c t i o n  system  in  y e a s t  and promoted  
i n v e s t i g a t i o n s  i n t o  t h e  assay  o f  I P 3 p h o sp h a tase  and 
p h o s p h o i ip a s e  C a c t i v i t y .
4^_6 G lu c o se  as a S t i m u l u s  f o r  P I  S i g n a l  T r a n s d u c t i o n
T u r k  e t  a l . ( 198 6 )  r e p o r t e d  t h a t  t h e  a c c u m u la t i o n  o f  
i n o s i t o l  t r i s p h o s p h a t e s  i n  p a n c r e a t i c  i s l e t s  c o u ld  be 
in d u c e d  by g l u c o s e ,  and t h i s  p r e m is e  was used by K a ib u c h i  e t  
a l . ( 1 9 8 6 )  in  t h e i r  i n v e s t i g a t i o n s  i n t o  i n o s i t o l  
p h o s p h o l i p i d  t u r n o v e r  i n  y e a s t .  U n t i l  v e r y  r e c e n t l y ,  t h i s  
was t h e  o n l y  r e p o r t  o f  t h e  d e t e c t i o n  o f  I P 3 i n  Sacch.  
c e r e v i s i a e  and t h e r e f o r e  e x p e r im e n t s  were p e r fo r m e d  t o  
a t t e m p t  t o  re p r o d u c e  t h e  f i n d i n g s .  The i n v e s t i g a t i o n  o f  t h e  
t e c h n i q u e s  used by K a ib u c h i  e t  a l . ( 1986)  i s  d e s c r i b e d  in  
c h a p t e r  3 . 7 ,  i n  which l i t t l e  e v i d e n c e  was fo u n d  t o  s u p p o r t  
t h e  r e c o r d e d  o b s e r v a t i o n s .
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A l th o u g h  t h e  i n i t i a l  e x p e r im e n t s  were c o n ta m in a t e d  by t h e  
p re s e n c e  o f  r a d i o l y t i c  d e c o m p o s i t io n  p r o d u c ts  o f  t h e  t r a c e r  
i n o s i t o l ,  a l a r g e  IP-j peak was d e t e c t e d  which c o u ld  n o t  be 
acc o u n ted  f o r  by t h e  c o - e l u t i n g  r a d i o a c t i v i t y .  T h i s  showed 
g 1u c o s e - in d u c e d  H-IP-]  p r o d u c t i o n ,  b u t  t h e r e  was no e v i d e n c e  
o f  I P 3 p r o d u c t i o n .  T h i s  r e s u l t  was a l s o  d e m o n s t r a t e d  by 
Hawkins e t  a l . ( 1992b)  who a l s o  r e p e a t e d  t h e  m e th o d o lo g y  o f  
K a ib u c h i  e t  a l . ( 1986)  t o  i n v e s t i g a t e  f u r t h e r  t h e  r e s p o n s e  
o f  y e a s t  t o  g lu c o s e  s t i m u l a t i o n .  T h i s  s u g g es ted  t h a t  IP-j i s  
t h e  o n l y  w a t e r - s o l u b l e  i n o s i t o l  pho sphate  p r o d u c t  o f  g lu c o s e  
induced  t u r n o v e r .
To e l i m i n a t e  t h e  p o s s i b i l i t y  o f  c o n ta m in a n t  peaks a f f e c t i n g  
t h e  e l u t i o n  p r o f i l e s ,  a number o f  e x p e r im e n t s  were p e r f o r m e d  
u s in g  ^ C - i n o s i t o l .  U s ing  t h e  same methods,  peaks  
c o r r e s p o n d i n g  t o  G P I ,  I P 1 and I P 2 were d e t e c t e d .  T h i s  gave  
f u r t h e r  s u p p o r t  t o  t h e  p r e s e n c e  o f  an i n o s i t o l  p h o s p h o l i p i d  
t r a n s d u c t i o n  sys tem  in  y e a s t .  An i n o s i t o l  t r i s p h o s p h a t e  peak  
was s t i l l  n o t  d e t e c t e d ,  b u t  t h i s  m ig h t  be a r e s u l t  o f  t h e  
r a p i d  d e g r a d a t i o n  o f  t h e  second messenger .  D e t e c t i o n  o f  I P 2 
and IP-j i m p l i e d  t h a t  an i n o s i t o l  phosphate  d e g r a d a t i o n  
pathway was p r e s e n t  in  y e a s t  t o  d e p h o s p h o ry 1 a t e  I P 3 . These  
r e s u l t s  a l s o  r e i n f o r c e d  t h e  o b s e r v a t i o n s  d e s c r i b e d  in  
c h a p t e r  3 . 5 ,  when I P 2 and IP-j were  i s o l a t e d  and s e p a r a t e d .  
The d e t e c t i o n  o f  I P 2 was n o t  d e s c r i b e d  by Hawkins  e t  a l .
q
( 1 9 9 2 b )  who s t a t e d  t h a t  t h e  m a j o r i t y  o f  w a t e r - s o l u b l e  H -  
r a d i o a c t i v i t y  in  y e a s t  was a s s o c i a t e d  w i t h  GPI and IP-j and 
t h e r e  was n o t h i n g  c o r r e s p o n d i n g  t o  I n s ( 1 , 4 ) P 2 o r  
I n s ( 1 , 4 , 5 )P 3 . I t  i s  n o t  known i f  t h e  reason  f o r  t h i s
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v a r i a t i o n  in  r e s u l t s  was due t o  t h e  use o f  d i f f e r e n t  s t r a i n s  
o r  s l i g h t l y  d i f f e r e n t  m e t h o d o l o g i e s ,  bu t  t h e  main f e a t u r e  
was t h e  common f a i l u r e  t o  d e t e c t  I P 3 . The t h e o r y  t h a t  I P 3 
re m a in e d  u n d e t e c t a b l e  as a r e s u l t  o f  in a d e q u a t e  r a d i o a c t i v e  
l a b e l l i n g  d i d  n o t  o b t a i n .  I n c r e a s i n g  th e  c o n c e n t r a t i o n  o f  
r a d i o a c t i v e  i n o s i t o l  t o  a c o n c e n t r a t i o n  o f  10 o r  20 pCi m l -1  
d i d  n o t  p r o v i d e  any e x t r a  i n f o r m a t i o n  c o n c e r n in g  t h e  r e l e a s e  
o f  w a t e r - s o l u b l e  m e t a b o l i t e s  t o  t h e  c y t o s o l  and i m p l i e d  t h a t  
any t u r n o v e r  r e c o r d e d  was u n a f f e c t e d  by t h e  p r e s e n c e  o f  
g l u c o s e  ( F i g .  3 . 2 3 ) .
F u r t h e r  i n f o r m a t i o n  was n o t  o b t a i n e d  u n t i l  t h e  t e r t i a r y  
s u p e r n a t a n t  ( s e e  c h a p t e r  3 . 7 )  was removed f o r  i n d e p e n d e n t  
a n a l y s i s .  Pe rh aps  ( F i g .  3 . 2 4 )  t h e  i n c l u s i o n  o f  t h e  t e r t i a r y  
s u p e r n a t a n t  g r e a t l y  a f f e c t e d  t h e  r e s u l t s  and i m p l i e d  t h a t  
v e r y  l i t t l e  i n o s i t o l  p h o s p h o l i p i d  t u r n o v e r  was m a n i f e s t e d  
w i t h i n  t h e  c e l l .  The c o n c l u s i o n  made was t h a t  GPI p r o d u c t i o n  
i n c r e a s e d  in  respo nse  t o  g lu c o s e  s t i m u l a t i o n  w i t h  an 
accom panying  d e c r e a s e  in  t h e  l e v e l  o f  f r e e  i n o s i t o l .  Hawkins  
e t  a l .  ( 199 2b )  a l s o  d e s c r i b e d  a l a r g e  i n c r e a s e  in  G P I ,  b u t  
t h e y  a l s o  d e s c r i b e d  t h e  i s o l a t i o n  o f  a h i g h l y  p o l a r  
m e t a b o l i t e  i n  t h e  w a t e r - s o l u b l e  e x t r a c t s  w i t h  t h e  
c h r o m a t o g r a p h ic  c h a r a c t e r i s t i c s  o f  i n o s i t o l  
h e x a k i s p h o s p h a t e , t o g e t h e r  w i t h  t r a c e  amounts o f  
r a d i o a c t i v i t y  in  compounds w h ich  c h ro m ato g rap h ed  v e r y  
c l o s e l y  w i t h  I n s ( 1 , 3 , 4 , 5 , 6 )P 5 s u g g e s t in g  t h e  p r e s e n c e  o f  I P 5 
i s o m e r s .  N e i t h e r  t h e  r e s u l t s  o f  K a ib u c h i  e t  a l . ( 1 9 8 6 )  n o r  
t h o s e  d e s c r i b e d  in  c h a p t e r  3 . 7  d e t e c t e d  any o f  t h e  h i g h e r  
p h o s p h o r y 1a t e d  i n o s i t o l  p h o s p h a te s ,  b u t  t h e  c o n t r a s t i n g
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o b s e r v a t i o n s  may, a g a i n ,  be due t o  v a r i a t i o n s  in  methods and 
s t r a i n s  used .  The p r e s e n c e  o f  I P 5 and IPg in  y e a s t  would  
s u g g e s t  t h a t  a v e r y  w e l l  d e v e lo p e d  i n o s i t o l  p h o s p h o l i p i d  
s i g n a l l i n g  sys tem  e x i s t e d  in  y e a s t  b u t  t h i s  was n o t  
s u b s t a n t i a t e d  by t h e  c o r r e s p o n d i n g  i s o l a t i o n  o f  I P 3 o r  IP£  
i n  t h e  case  o f  Hawkins e t  a 7. ( 1 9 92 b )  and K a ib u c h i  e t  a l .
( 1 9 8 6 ) .  I t  seems more l i k e l y  t h a t  lo w e r  i n o s i t o l  p ho sphates  
a r e  produced more r e a d i l y  and d e t e c t e d  e a s i l y ,  p a r t i c u l a r l y  
I P 3 and i t s  d e p h o s p h o r y l a t i o n  p r o d u c t s ,  in  a c e l l  in  which  
t h e  t r a n s d u c t i o n  system was n o t  known t o  be e s t a b l i s h e d .  The 
absence o f  p u b l i s h e d  i n f o r m a t i o n  on t h e  d e t e c t i o n  o f  I P 4 in  
y e a s t  a l s o  a rg u e s  a g a i n s t  t h e  p re s e n c e  o f  a f u l l y  d e v e lo p e d  
system  in  y e a s t .  A l th o u g h  some I P 3 k i n a s e  a c t i v i t y  can be 
d e m o n s t r a te d  ( c h a p t e r  3 . 8 ) ,  I P 4 has n e v e r  been i s o l a t e d  f rom  
y e a s t  and c o n s i d e r i n g  t h e  i m p o r t a n t  r o l e  o f  t h i s  
i n t e r m e d i a t e  ( s e e  I n t r o d u c t i o n )  in  mammalian c e l l s ,  t h i s  
does n o t  s u p p o r t  a m a m m a l ia n -1 i k e  t r a n s d u c t i o n  system  in  
y e a s t .  I f  I P 3 and I P 4 c a n n o t  be i s o l a t e d  f ro m  y e a s t  a f t e r  a 
t u r n o v e r  s t i m u l u s ,  i t  s u g g e s ts  t h a t  a system d i f f e r e n t  f rom  
t h a t  in  mammalian c e l l s  e x i s t s ,  and i t  seems u n l i k e l y  t h a t  
y e a s t s  undergo  t h e  complex r e a c t i o n  pathways t o  produce  
h i g h l y  p h o s p h o r y 1a t e d  i n o s i t o l  p h o sphates  w h ich  have p o o r l y -  
d e f i n e d  f u n c t i o n s .
The in d e p e n d e n t  e l u t i o n s  o f  t e r t i a r y  s u p e r n a t a n t s ,  
e s s e n t i a l l y  t h e  r e a c t i o n  b u f f e r ,  i n d i c a t e d  t h a t  t h e  main  
response  t o  g lu c o s e  s t i m u l a t i o n  was e x t r a c e l 1u l a r . I t  was 
o b s e rv e d  i n i t i a l l y  t h a t ,  p o s t  s t i m u l a t i o n  a nove l  " I P 1 " 
peak c o u ld  be d e t e c t e d  in  t h e  medium ( F i g .  3 . 2 7 ) .  F o l l o w i n g
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t h e  d i s c o v e r y  t h a t  t h e  i n c u b a t i o n  p e r i o d  f o r  t h e  c e l l s  t o  
r each  s t a t i o n a r y  phase had t o  be e x te n d e d  t o  48  h ( F i g .  
3 . 2 8 ) ,  i t  was th e n  p o s s i b l e  t o  d e t e c t  peaks c o r r e s p o n d i n g  t o  
i n o s i t o l ,  G P I ,  I P 1 and I P 2 i n  t h e  medium p o s t  s t i m u l a t i o n  
( F i g .  3 . 2 9 - 3 . 3 2 ) .  I t  was proposed t h a t  t h e s e  peaks d i d  n o t  
c o r r e s p o n d  t o  g e n u in e  i n o s i t o l  pho sphates  and w ere  n o t  
t h e r e f o r e  t h e  p r o d u c t s  o f  p h o s p h o l ip a s e  C a c t i v i t y .  A l th o u g h  
w a t e r - s o l u b l e ,  i t  was n o t  e x p e c t e d  t o  f i n d  i n o s i t o l  
p ho spha tes  in  t h e  r e a c t i o n  medium. I t  was s u g g e s te d  (Downes,  
C . P . ,  1992;  p e r s .  comm.) t h a t  t h e s e  compounds were t h e  
d e a c y l a t i o n  p r o d u c t s  o f  t h e  p h o s p h o i n o s i t i d e s  fo rm ed  by 
p h o s p h o l ip a s e  A o r  B a c t i v i t y .  Hawkins e t  a l . ( 1 9 9 2 b )  made 
s i m i l a r  o b s e r v a t i o n s  and p e r fo r m e d  " h e a d -g ro u p "  a n a l y s i s  on 
t h e  compounds. T h e i r  o b s e r v a t i o n s  c o n f i r m e d  t h e  i d e n t i t i e s  
o f  t h e  nove l  e x t r a c e l 1u l a r  peaks as GPIP and G P IP 2 , 
g l y c e r o p h o s p h a t i d y 1 i n o s i t o l  p h o s p h a te s .  Us ing  g lu c o s e  as a 
s t i m u l u s ,  i t  a p p eared  t h a t  GPI and GPIP l e v e l s  in c r e a s e d  
i r r e s p e c t i v e  o f  t h e  g l u c o s e ,  b u t  GPIP2 l e v e l s  o n l y  in c r e a s e d  
as a r e s u l t  o f  s t i m u l a t i o n .  No i n c r e a s e  in  G PIP2 was 
r e c o r d e d  in  t h e  absence o f  g l u c o s e .  Hawkins e t  a l . ( 1992b)  
r e p o r t e d  t h a t  GPIP and G P IP2 w ere  t h e  m a jo r  w a t e r - s o l u b l e  
p o l y p h o s p h o i n o s i t o l  m e t a b o l i t e s  produced in  resp o n se  t o  
g lu c o s e ,  and t h e r e  was no e v i d e n c e  f o r  t h e  p h o s p h o l ip a s e  C-  
d ep enden t  p r o d u c t i o n  o f  I P 3 . I t  was co n c lu d e d  t h a t  g lu c o s e  
a c t e d  as a s t i m u l u s  f o r  t u r n o v e r  o f  t h e  i n o s i t o l  
p h o s p h o l i p i d s  b u t  n o t  f o r  t h e  a c t i v a t i o n  o f  p h o s p h o l ip a s e  C. 
The r e s u l t s  o f  K a ib u c h i  e t  a l . ( 1986 )  a r e  d i f f i c u l t  t o  
e x p l a i n  b u t  may r e p r e s e n t  d i f f e r e n c e s  in  c h r o m a t o g r a p h ic  
c o n d i t i o n s  o r  p r o c e d u r e s .  No e v i d e n c e  was a v a i l a b l e  t o
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s u p p o r t  t h e i r  o b s e r v a t i o n s  and I P 3 rem ained  u n d e t e c t a b l e .
The o b s e r v a t i o n  by Uno e t  a 7. ( 1988 )  t h a t  g lu c o s e  a f f e c t s  
P I P 2 l e v e l s  rem ains  v a l i d ,  b u t  t h i s  t u r n o v e r  c a n n o t  be 
a s s o c i a t e d  w i t h  t h e  p r o d u c t s  I P 3 and DAG.
I t  was n o t  p o s s i b l e  t o  d e t e c t  t h e  d e a c y l a t i o n  p r o d u c t  o f  
P I P 3 ( c h a p t e r  3 . 7 ;  Hawkins  e t  a 7. 1 9 9 2 b ) .  As P I ( 3 ) P  was 
found t o  co m p r is e  60 % o f  t h e  t o t a l  P IP  c o n t e n t  (H aw k in s  e t  
a l . ( 1 9 9 2 b ) ,  i t  was a s t r o n g  i n d i c a t o r  t h a t  P I P 3 may have  
been p r e s e n t .  P I ( 3 ) P  i s  produced f o l l o w i n g  t h e  hormone-  
s t i m u l a t e d  p h o s p h o r y l a t i o n  o f  P I ( 4 , 5 ) P 2 t o  P I ( 3 , 4 , 5 ) P 3 and  
i t s  sub seque nt  d e p h o s p h o r y l a t i o n  t o  P I ( 3 , 4 )P 2 and P I ( 3 ) P  
(S te p h e n s  e t  a l . , 1 9 9 1 ) .  O n ly  weak c h r o m a t o g r a p h ic  e v i d e n c e  
was found f o r  P I ( 3 , 4 ) P 2 however and i t  i s  n o t  known i f  y e a s t  
c e l l s  use t h i s  pathway o r  i f  s u i t a b l e  c o n d i t i o n s  w ere  used  
t o  d e t e c t  i t .  G lu c o s e ,  in  t h i s  case  may n o t  be an 
a p p r o p r i a t e  s t i m u l u s .  Hawkins e t  a l . ( 1992b)  a l s o  n o te d  t h a t  
t h e  p r o p o r t i o n  o f  P I ( 3 ) P  t o  P I ( 4 ) P  rem ained  c o n s t a n t  bo th  
b e f o r e  and d u r i n g  g l u c o s e - s t i m u l a t i o n , b u t  t h e  e x t r a c e l 1u l a r  
GPIP was e n t i r e l y  composed o f  G P I ( 4 ) P .  T h i s  meant  t h a t  
e i t h e r  t h e  l i p i d  s u b s t r a t e s  were  h i g h l y  c o m p a r t m e n t a l i z e d  o r  
t h e  h y d r o l y t i c  a c t i v i t i e s  were v e r y  p h o s p h a t e - g r o u p  
sp e c i  f i  c .
A l th o u g h  c e l  1 - c y c l e  a r r e s t e d  y e a s t  c e l l s  a r e  a b l e  t o  rem a in  
v i a b l e  f o r  long p e r i o d s  ( L i l l i e  and P r i n g l e ,  1 9 8 0 ) ,  G r a n o t  
and Snyder  ( 1 9 9 1 )  r e p o r t e d  t h a t  s t a t i o n a r y  c e l l s  i n c u b a t e d  
in  t h e  p re s e n c e  o f  o n l y  g lu c o s e  l o s t  v i a b i l i t y  r a p i d l y ,  a t  a 
s i m i l a r  r a t e  o r  f a s t e r  th a n  t h o s e  in  s y n t h e t i c  g row th  medium
246
( g l u c o s e  p l u s  n i t r o g e n  s o u r c e ) .  T h i s  l o s s  o f  v i a b i l i t y  
o c c u r r e d  f o r  bo th  h a p l o i d  and d i p l o i d  c e l l s .  I f  t h e  c e l l s  
w ere  p r o v i d e d  w i t h  a d d i t i o n a l  n u t r i e n t s ,  m o r p h o l o g i c a l  and 
p h y s i o l o g i c a l  changes c h a r a c t e r i s t i c  o f  m i t o t i c a l l y  g row ing  
c e l l s  were in d u c e d .  These changes were found  t o  be induced  
s p e c i f i c a l l y  by D - g l u c o s e  and w ere  in d e p e n d e n t  o f  t h e  
a d e n y l a t e  c y c l a s e  p a th w ay .  G ra n o t  and Snyder  ( 1 9 9 1 )  
s u g g e s te d  t h a t  g lu c o s e  t r i g g e r s  e v e n t s  in  t h e  i n d u c t i o n  o f  a 
new m i t o t i c  c e l l  c y c l e  and t h a t  t h e s e  e v e n t s  w ere  e i t h e r  
p r i o r  t o  t h e  a d e n y l a t e  c y c l a s e  pathway o r  used an a l t e r n a t e  
p a th w a y .  I t  was proposed t h a t  as g lu c o s e  induced  an i n f l u x  
o f  c a l c i u m  io n s  in  y e a s t  ( E i l a m  and Othman, 1 9 9 0 ) ,  and t h e  
p h o s p h a t i d y 1 i n o s i t o l  t u r n o v e r  system i s  a s s o c i a t e d  w i t h  such 
an i n f l u x  ( s e e  I n t r o d u c t i o n )  and o t h e r  c e l l u l a r  s i g n a l s  in  
mammalian c e l l s ,  th e n  t h e  same s i g n a l l i n g  sys tem  c o u ld  be 
i n v o l v e d  in  t h e  i n d u c t i o n  o f  e a r l y  c e l l u l a r  e v e n t s .  A l th o u g h  
s u p p o r te d  by K a ib u c h i  e t  a l . ( 198 6 )  and Uno e t  a l . ( 1 9 8 8 ) ,  
t h e  r e s u l t s  in  c h a p t e r  3 . 5 ,  3 . 7  and Hawkins e t  a l . ( 1992b)  
im p ly  t h a t  g lu c o s e  i s  n o t  an a p p r o p r i a t e  a g o n i s t  and c o u ld  
n o t  i n i t i a t e  t h i s  s i g n a l  t r a n s d u c t i o n .  T h e re  was no e v id e n c e  
o f  P I  pathway second messenger  p r o d u c t i o n  in  resp o n se  t o  
g lu c o s e  and no i n d i c a t i o n  t h a t  t h e  system a c t u a l l y  e x i s t e d  
in  y e a s t .  A c c o r d in g  t o  t h e  most r e c e n t  d a t a ,  i t  seems 
u n l i k e l y  t h a t  t h e  c e l l  c y c l e  i n d u c t i o n  was m e d ia t e d  th r o u g h  
t h e  P I  t r a n s d u c t i o n  sys tem  as a response  t o  g l u c o s e .
These o b s e r v a t i o n s  a r e  s u p p o r te d  by t h e  r e c e n t  p u b l i c a t i o n  
o f  Schomerus and K u n tz e l  ( 1 9 9 2 )  who c l a i m  n o t  o n l y  t h e  
d e t e c t i o n  o f  I P 3 in  y e a s t ,  b u t  a l s o  t h a t  t h e  two m a jo r
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n u t r i e n t  sou rc es  g lu c o s e  and ammonium e l i c i t e d  s p e c i f i c  
resp o n ses  in  s t a r v e d  y e a s t .  G luc ose  induced  a t r a n s i e n t  cAMP 
s i g n a l  and ammonium s t i m u l a t e d  a s u s t a i n e d  i n c r e a s e  o f  DAG 
and I P 3 , b u t  n o t  v i c e  v e r s a .  T h i s  e l e v a t e d  n i t r o g e n - i n d u c e d  
I P 3 l e v e l  rem ained  c o n s t a n t  f o r  up t o  60 min ( s i m i l a r  t o  t h e  
g 1u c o s e - in d u c e d  o b s e r v a t i o n  o f  K a ib u c h i  e t  a l . ,  1 9 8 6 ) ,  b u t  
t h e  e l e v a t e d  I P 3 and I P 1 l e v e l s  r e p o r t e d  as a r e s u l t  o f  
g l u c o s e - i n d u c e d  t u r n o v e r  w ere  n o t  r e c o r d e d  by Schomerus and 
K u n tz e l  ( 1 9 9 2 ) .  The respo nse  o f  I P 3 was reduced  by 
d i s s e c t i n g  t h e  R A S - a c t i v a t i n g  Cdc25 p r o t e i n ,  and was 
c o m p l e t e l y  a b o l i s h e d  by t h e  cc/c25-1 m u t a t i o n  even a t  t h e  
p e r m i s s i v e  t e m p e r a t u r e .  The e f f e c t  depended on a f u n c t i o n a l  
Cdc25 p r o t e i n  which was r e q u i r e d  t o  a c t i v a t e  RAS p r o t e i n s  by 
c a t a l y s i n g  t h e  exchange o f  GDP by GTP on Ras.  T h i s  s u g g e s te d  
t h a t  t h e  Cdc25 p r o t e i n  c o n t r o l l e d  a novel  s i g n a l l i n g  pa thw ay  
-  t h e  n i t r o g e n - i n d u c e d  a c c u m u la t i o n  o f  I P 3 and DAG. I t  may 
r e p r e s e n t  a h i g h l y  s p e c i f i c  sys tem  as g lu c o s e  does n o t  
in d u c e  P I P 2 t u r n o v e r  and n i t r o g e n  does n o t  a p p e a r  t o  in d u c e  
cAMP. The d a t a  o f  Schomerus and K u n tz e l  ( 1 9 9 2 )  a r e  d i f f i c u l t  
t o  e v a l u a t e  f u l l y ,  as no o t h e r  i n t e r m e d i a t e s  o f  t h e  pathw ay  
a r e  d i s c u s s e d .  The p r o lo n g e d  e l e v a t i o n  o f  I P 3 , r e m i n i s c e n t  
o f  t h e  r e s u l t  o f  K a ib u c h i  e t  a l . ( 1986)  i m p l i e d  t h a t  no 
p h o sp h a tase  o r  k i n a s e  a c t i v i t y  i s  p r e s e n t  t o  d e a c t i v a t e  t h e  
p o t e n t i a l  second m essenger .  T h i s  seems u n l i k e l y ,  and t h e  
l a c k  o f  r e f e r e n c e  t o  p h o s p h o l i p i d  h y d r o l y s i s  and d e a c y l a t i o n  
make i t  u n c e r t a i n  as t o  w hat  i s  a c t u a l l y  b e in g  a s s a y e d .  I t  
was no t  shown i f  t h e  ass ay  method used c o u ld  d i f f e r e n t i a t e  
between I P 3 and G P IP 2 which  e l u t e  v e r y  c l o s e l y  f ro m  a n io n  
exchange co lum ns,  o r  can even c o - e l u t e  d e p e n d in g  on t h e
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reg im e  used .  I t  i s  v e r y  d o u b t f u l  t h a t  Schomerus and K u n t z e l  
( 1 9 9 2 )  a c t u a l l y  measured o n l y  I P 3 in  t h e i r  i n v e s t i g a t i o n s  as  
t h e y  f a i l e d  t o  s e p a r a t e  t h e  c e l l s  f rom  t h e  r e a c t i o n  b u f f e r  
p r i o r  t o  a s s a y .  I t  i s  p r o b a b l e  t h a t  t h e  compounds measured  
i n c l u d e d  e x t r a c e l 1u l a r  G P IP2 w h ich  would e x p l a i n  t h e  
e x te n d e d  e l e v a t e d  c o n c e n t r a t i o n .  The s e p a r a t i o n  o f  c e l l s  and  
medium was shown t o  be v i t a l  ( c h a p t e r  3 . 7 )  f o r  t h e  a n a l y s i s  
o f  i n o s i t o l  p h o s p h o l i p i d  t u r n o v e r  and f u r t h e r  work i s  
e s s e n t i a l  f o r  t h i s  p u b l i c a t i o n  t o  be c o n s id e r e d  u s e f u l .  The 
o n l y  s a l i e n t  p o i n t  a b o u t  t h e i r  r e s u l t s  i s  t h a t  g lu c o s e  d i d  
n o t  a f f e c t  t u r n o v e r ,  b u t  n i t r o g e n  a p p a r e n t l y  d i d .  T h i s  i s  
f u r t h e r  e v i d e n c e  a g a i n s t  t h e  i n i t i a l  o b s e r v a t i o n s  o f  
K a ib u c h i  e t  a l . ( 1 9 8 6 ) .
F o l l o w i n g  t h e  work o f  Ohya e t  a l . ( 1 9 8 4 )  w h ic h  showed t h a t  
9 +Ca ions  and c a l m o d u l in  p l a y e d  i m p o r t a n t  r o l e s  in  t h e  y e a s t
c e l l  d i v i s i o n  c y c l e  a t  t h e  s t a g e  o f  bud grow th  and n u c l e a r
d i v i s i o n ,  a method was d e v e lo p e d  f o r  m eas u r in g  c y t o s o l i c
Ca and i t s  t im e  d e p e n d e n t  changes in  y e a s t  by u s in g  t h e
9+l u m in e s c e n t  p r o t e i n  a e q u o r i n  as a Ca - s p e c i f i c  i n d i c a t o r
( N a k a j im a -S h im a d a  e t  a 7 . ,  1 9 9 1 ) .  U s ing  t h i s  method i t  was
o b s e rv e d  t h a t  g lu c o s e  added t o  g l u c o s e - s t a r v e d  G0 /G*| c e l l s
9 +s t i m u l a t e d  an i n c r e a s e  i n  e x t r a c e l 1u l a r  Ca - d e p e n d e n t  
lu m in e s c e n c e  w i t h  maximal  i n t e n s i t y  o c c u r r i n g  2 min a f t e r
p 1
a d d i t i o n .  K a ib u c h i  e t  a l . ( 1 9 8 6 )  showed Ca e f f l u x  o c c u r r e d
o p
i n  y e a s t  c o n c o m i t a n t  w i t h  t h e  P-j i n c o r p o r a t i o n  i n t o
i n o s i t o l  p h o s p h o l i p i d s  and t h e s e  two e v e n t s  f o l l o w e d  s i m i l a r
9 +k i n e t i c s ,  b u t  changes in  i n t r a c e l 1u l a r  f r e e  Ca
9 +c o n c e n t r a t i o n  ( [Ca ] -j ) w ere  n o t  d e m o n s t r a te d  upon g l u c o s e
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a d d i t i o n .  S i m i l a r  r e s u l t s  were o b t a i n e d  when f r u c t o s e  o r  
mannose was added t o  t h e  g lu c o s e  s t a r v e d  c e l l s ,  b u t  non-  
m e t a b o l i z a b l e  sugar  a n a lo g u e s  such as 2- d e o x y g lu c o s e  and 6 -  
d e o x y g lu c o s e  d id  n o t  in d u c e  t h i s  e f f e c t .  T h i s  a g r e e s  w i t h  
t h e  r e s u l t s  o f  K a ibu ch i  e t  a 7. ( 1 9 8 6 ) .  S p e c i f i c  r o l e s  f o r
Ox
Ca have been found i n  Sacch.  c e r e v i s i a e  ( I i d a  e t  a 7 . ,  
1 9 9 0 ) ,  p a r t i c u l a r l y  d u r i n g  m a t in g  and t h e  c e l l  c y c l e .  The
Ox
a d d i t i o n  o f  g lu co s e  caused a t r a n s i e n t  r i s e  in  t h e  [Ca ] , 
b u t  as t h e  mechanism o f  t h e  respo nse  was unknown, f u r t h e r  
e x p e r im e n t s  were p e r f o r m e d .  The response  was shown n o t  t o  be 
a s s o c i a t e d  w i t h  an i n c r e a s e  in  cAMP l e v e l s ,  was n o t  
d ep en d en t  on de novo  p r o t e i n  s y n t h e s i s  and was p o t e n t i a l l y  
e n e rg y  dependent  (N a k a j im a - S h im a d a  e t  a l . , 1 9 9 1 ) .  The  
r e s u l t s  su g g e s t  t h e  t u r n o v e r  o f  P I P 2 t o  p roduce  t h e  c a l c i u m -  
r e l e a s i n g  second messenger I P 3 i n  response  t o  g l u c o s e ,  and 
s u p p o r t  th e  o b s e r v a t i o n s  o f  K a ib u c h i  e t  a l . ( 1 9 8 6 ) .
The r e a c t i o n  o f  s t a r v e d  y e a s t  c e l l s  t o  a g lu c o s e  s t i m u l u s  
has y e t  t o  be u n i v e r s a l l y  a g r e e d .  The m a j o r i t y  o f  e v i d e n c e  
s u g g e s ts  p h o s p h o i n o s i t i d e  t u r n o v e r  i s  n o t  m e d ia t e d  by a 
g lu c o s e  s t i m u l u s  t o  p rodu ce  I P 3 and DAG. I n s t e a d ,  g lu c o s e  
a p p e a rs  t o  promote a t r a n s i e n t  i n c r e a s e  in  i n t r a c e l 1u l a r  
c a l c i u m  and can i n c r e a s e  p h o s p h o l ip a s e  A o r  B a c t i v i t y  t o  
produce  d e a c y l a t e d  e x t r a c e l 1u l a r  G P I ,  GPIP and GPIP2 .
Perhaps  I P 3 p r o d u c t i o n  i s  s t i m u l a t e d  by n i t r o g e n ,  b u t  
w h e th e r  t h e  cAMP pathway i s  i n v o l v e d  w i t h  t h e  a d d i t i o n  o f  
g lu c o s e  i s  n o t  c l e a r .  A c a l c i u m  cascade  c o u ld  be i n i t i a t e d  
w i t h o u t  t h e  p r o d u c t i o n  o f  I P 3 , and may be p a r t  o f  a 
c o m p l e t e l y  s e p a r a t e  p a th w ay .  A l s o ,  i t  i s  p o s s i b l e  t h a t  t h e
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t u r n o v e r  o f  P I P 2 , and t h e  r e l e a s e  o f  i n t r a c e l 1u l a r  c a l c i u m  
do behave in  m am m al ian -1 i k e  r e s p o n s e s ,  i f  t h e  c o r r e c t  
a g o n i s t  i s  a d m i n i s t e r e d .  The r e s u l t s  in  c h a p t e r  3 . 7  showed 
an i n c r e a s e  in  G PI ,  GPIP and G P IP 2 in  respo nse  t o  a g lu c o s e  
s t i m u l u s .  T h i s  p resu m ab ly  e n t a i l e d  a d e c re a s e  in  
c o n c e n t r a t i o n  o f  th e  p r e c u r s o r  p h o s p h o i n o s i t i d e s . I t  i s  no t  
known i f  t h i s  p u r p o r t e d  l o s s  o f  p h o s p h o l i p i d  i s  i m p o r t a n t  
and i n v o l v e s  some r e c o n f i g u r a t i o n  o f  t h e  membrane i t s e l f  o r  
i s  j u s t  a b y - p r o d u c t  o f  a more i m p o r t a n t  r e a c t i o n  o r  
s i g n a l l i n g  sys tem .  Perh aps  a g o n i s t - s t i m u l a t e d  r e l e a s e  o f  
g l y c e r o p h o s p h o i n o s i t i d e s  i s  a method o f  com m unica t ion  
between c e l l s ,  and t h e  r e l e a s e d  p r o d u c ts  may th e m s e lv e s  have  
some a g o n i s t  p r o p e r t i e s .  I t  i s  e q u a l l y  p o s s i b l e  t h a t  t h e  
respo nses  seen were s i m p ly  induced  by n u t r i t i o n a l  o r  growth  
i n f l u e n c e s  m ed ia ted  by g lu c o s e ,  b u t  Hawkins e t  a l . ( 1992b)  
do n o t  b e l i e v e  t h i s  t o  be t h e  c a s e .  I n  t h e i r  r e s u l t s ,  t h e  
v e r y  d i f f e r e n t  p r o p o r t i o n a t e  changes f rom  c o n t r o l  l e v e l s  in  
t h e  v a r i o u s  i n o s i t o l  m e t a b o l i t e s ,  t h e  s p e c i f i c  e f f e c t s  o f  
both  t e m p e r a t u r e  and grow th  phase on G P IP /G P IP 2 f o r m a t i o n  
and t h e  n a t u r e  o f  t h e  respo nses  in  cdc  m u ta n ts  t o  g lu c o s e  
p o i n t e d  t o  s e p a r a t e  r e g u l a t i o n  o f  p o l y p h o s p h o i n o s i t i d e  
m e t a b o l i  sm.
4 . 7  The M e ta b o l is m  o f  E x o g e n o u s ly  Added ^ H - I P ^
D e s p i t e  i n i t i a l  f a i l u r e s ,  i t  was e v e n t u a l l y  p o s s i b l e  t o
q
d e m o n s t r a t e  t h e  breakdown o f  e x o g e n o u s ly  added H - I P 3 in  a 
y e a s t  c e l l  p r e p a r a t i o n .  E a r l y  e x p e r im e n t s  w ere  t h o u g h t  t o  
have f a i l e d  because e s s e n t i a l  c o - f a c t o r s  w ere  n o t  p r e s e n t  o r
251
t h e  i n c u b a t i o n  b u f f e r  was i n h i b i t o r y .  B e l i e v i n g  t h e  
p h o s p h a ta s e  a c t i v i t y  t o  be p r e s e n t ,  improved b u f f e r s  were  
i n t r o d u c e d  b u t  i t  was s t i l l  n o t  p o s s i b l e  t o  d e m o n s t r a t e  I P 3 
d e g r a d a t i o n .  To e n s u re  t h a t  c e l l  b re a k a g e  was o c c u r r i n g ,  
h o m o g e n is a t io n  in  a Braun s h a k e r  was used i n s t e a d  o f  
s o n i c a t i o n  t o  d i s r u p t  c e l l s  b u t  e v i d e n c e  f o r  t h e  breakdown
o
o f  H - I P 3 was o n l y  o b t a i n e d  u s in g  t h e  method o f  Hanson 
( 1 9 9 1 ) .  P r im a r y  r e s u l t s  i n d i c a t e d  t h a t  th e  l e v e l  o f  I P 2 was 
i n c r e a s i n g  w i t h  t i m e ,  b u t  no r e d u c t i o n  in  t h e  l e v e l  o f  I P 3 
was r e c o r d e d .  Prompted by t h i s  o b s e r v a t i o n ,  e x te n d e d  assays  
were  p e r fo rm e d  in  which t h e  I P 3 l e v e l  d e c re a s e d  w i t h  t i m e .  
T h i s  was t h e  f i r s t  e v i d e n c e  f o r  t h e  p r e s e n c e  o f  an I P 3 -  
d e g r a d in g  enzyme, b u t  i t  was a l s o  n o ted  t h a t  I P 2 and IP-j 
w ere  a l s o  deg raded  in  a s i m i l a r  f a s h i o n .  No c o n c o m i t a n t  
i n c r e a s e  in  any o f  t h e  lo w e r  i n o s i t o l  p h o sp h a tes  was 
r e c o r d e d  w i t h  a d e c r e a s e  i n  I P 3 l e v e l s .  T h i s  s u g g e s te d  t h a t  
an i n o s i t o l  pho spha te  p h o s p h a ta s e  pathway was n o t  
r e s p o n s i b l e  f o r  t h e  r e d u c t i o n  i n  peak h e i g h t .  The s low  r a t e s  
o f  r e a c t i o n  and t h e  l a c k  o f  p r o d u c t i o n  o f  l o w e r  i n o s i t o l  
p h o sp h a tes  i m p l i e d  t h a t  n o n - s p e c i f i c  o r  o p p o r t u n i s t i c a l l y  
a c t i n g  enzymes were r e s p o n s i b l e  f o r  t h e  r e s u l t s .  T h i s  was 
f u r t h e r  compounded by t h e  i n a b i l i t y  o f  c h l o r i d e  io n s  t o  
i n h i b i t  t h e  d e g r a d a t i o n ,  and t h e  f a i l u r e  o f  a Hanson ( 1 9 9 1 )  
p r e p a r a t i o n  t o  breakdown e x o g e n o u s ly  added 14C - I P - | .  The 
u n a v a i l a b i l i t y  o f  t r a c e r  I P 2 p r e v e n t e d  assays  b e in g  
p e r fo r m e d  on t h i s  s u b s t r a t e ,  w h ich  may have p r o v i d e d  f u r t h e r  
i n f o r m a t i o n  a b o u t  t h e  enzymes under  i n v e s t i g a t i o n .  A 
d e g r a d a t i o n  o f  I P 2 w i t h o u t  c o i n c i d e n t  IP-j p r o d u c t i o n  would  
have s u p p o r te d  t h e  r e s u l t s  a l r e a d y  seen ,  b u t  i f  I P 2 was
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r a p i d l y  broken  down w i t h  a c o n c u r r e n t  i n c r e a s e  in  
monophosphate  c o n c e n t r a t i o n , t h e n  i t  may have s u g g es ted  t h a t  
an I P 2 p h o sp h a tase  was p r e s e n t ,  which had a h ig h  s p e c i f i c  
a c t i v i t y .  The i n a b i l i t y  t o  e x t r a c t  I P 3 f rom  a r a d i o l a b e l l e d  
y e a s t  e x t r a c t ,  and t h e  r e g u l a r  d e t e c t i o n  o f  I P 2 s u g g es ted  
t h a t  t h i s  i n t e r m e d i a t e  p l a y s  a more i m p o r t a n t  r o l e  and i s  
p o s s i b l y  used by y e a s t  as a second messenger  i n s t e a d  o f  t h e  
t r i s p h o s p h a t e . The r e s u l t s  d i d  n o t  s u p p o r t  t h i s  h y p o t h e s i s  
and i t  was co n c lu d e d  t h a t  t h e  p r o f i l e s  seen c o u ld  n o t  be 
a t t r i b u t e d  t o  a m a m m a l ia n -1 i k e  i n o s i t o l  pho spha te  
d e g r a d a t i o n  pa th w ay .  A l l  t h e  p r e p a r a t i o n  p r o c e d u r e s  had 
i n v o l v e d  h a rsh  t r e a t m e n t  o f  t h e  c e l l s  p r i o r  t o  assay  and i t  
was p o s s i b l e  t h a t  t h e  use o f  s o n i c a t i o n  o r  h o m o g e n is a t io n  in  
a  Braun s h a k e r  had d e n a tu r e d  t h e  enzymes.  A more g e n t l e  
a pp ro ach  t o  c e l l  p r e p a r a t i o n  was i n v e s t i g a t e d .
The use o f  c a t i o n i c  s i l i c a  m ic r o - b e a d s  t o  p rodu ce  membrane 
p r e p a r a t i o n s  i s  a g e n t l e  t e c h n i q u e ,  b u t  no r e l e v a n t  
i n f o r m a t i o n  ab o u t  ph o s p h a ta s e  a c t i v i t y  was g a i n e d .  The 
m ic r o - b e a d s  s e q u e s t e r e d  e x o g e n o u s ly  added r a d i o a c t i v i t y  and 
c o u ld  n o t  be used t o  d e m o n s t r a t e  any g e n u in e  e n z y m a t i c  
a c t i v i t y .  However ,  t h e  membrane p r e p a r a t i o n  e x p e r im e n t s  
prompted t h e  use o f  broken  s p h a e r o p l a s t s  and t h i s  gave t h e  
main e v i d e n c e  f o r  a ph o s p h a ta s e  d e g r a d a t i o n  pathway in  
y e a s t .  I n i t i a l  e x p e r i m e n t s  were  a n a ly s e d  by e l u t i o n  f ro m  10 
cm Dowex r e s i n  co lumns a t t a c h e d  t o  t h e  HPLC and d e m o n s t r a te d  
an i n c r e a s e  in  I P 2 and I P 1 c o n c e n t r a t i o n  as I P 3 was 
d e g ra d e d .  The r e s u l t s  were enhanced u s in g  a 10 pm SAX HPLC 
colum n.  T h i s  showed t h a t  t h e  i n c r e a s e  in  I P - j  o c c u r r e d  a f t e r
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a t r a n s i e n t  i n c r e a s e  i n  I P 2 , as I P 3 was d e g r a d e d .  An 
i n c r e a s e  in  f r e e  i n o s i t o l  ( t h e  end p r o d u c t  o f  t h e  
d e g r a d a t i o n  p a th w a y )  was a l s o  shown. F u r t h e r  e x p e r im e n t s
o
d e m o n s t r a t e d  t h e  d e g r a d a t i o n  o f  e x o g e n o u s ly  added ° H - I P 2 and  
14C - I P - j .  T h i s  was accompanied by c o i n c i d e n t  i n c r e a s e s  i n  
lo w e r  i n o s i t o l  ph o s p h a te s  and i n o s i t o l .  Thus,  t h e  i n o s i t o l  
ph o sp h a te  p h o s p h a ta s e  d e g r a d a t i o n  pathway was e s t a b l i s h e d  in  
y e a s t  and f u r t h e r  e v i d e n c e  was p r o v i d e d  f o r  t h e  e x i s t e n c e  o f  
t h e  P I  t r a n s d u c t i o n  s ys te m .  I t  had been n o te d  however t h a t  
t h e  r a t e s  o f  r e a c t i o n  in  t h e  t u r n o v e r  s t u d i e s  were  
r e l a t i v e l y  s lo w ,  some e x p e r i m e n t s  to o k  up t o  4 h t o  show t h e  
p r o d u c t i o n  and s u b s e q u e n t  d e g r a d a t i o n  o f  IP-j i n  I P 3 t u r n o v e r  
a s s a y s .  T h i s  was c o n t r a r y  t o  t h e  n o t i o n  o f  r a p i d  t u r n o v e r  o f  
t h e  i n o s i t o l  p h o sp h a tes  had p r e v e n t e d  d e t e c t i o n  o f  I P 3 i n  
p r e v i o u s  r a d i o l a b e l l i n g  a s s a y s .  I t  was a l s o  n o t  p o s s i b l e  t o  
i n h i b i t  t h e  d e g r a d a t i o n  o f  t h e  r a d i o a c t i v e  s u b s t r a t e s  w i t h  
L i + . A l th o u g h  t h e  d i s t r i b u t i o n  o f  I P 3 p h o s p h a ta s e  a c t i v i t y  
between membrane and c y t o s o l  was n o t  known, t h e  use o f  
broken  s p h a e r o p l a s t s  e n s u re d  t h a t  a l l  t h e  c e l l u l a r  m a t e r i a l  
was i n c l u d e d  in  t h e  assay  and t h e  s low r e a c t i o n s  c o u ld  n o t  
be due t o  m is s in g  c e l l  components .  F a s t e r  r e a c t i o n s  w ere  
r e c o r d e d  in  t h e  I P 2 p h o s p h a ta s e  assays  s u g g e s t in g  t h a t  I P 2 
may be more i m p o r t a n t  th a n  I P 3 . The c e l l s  a p p e a re d  t o  remove
3 o
e x o g e n o u s ly  added H - I P 2 much more q u i c k l y  th a n  H - I P 3 w h ic h  
i m p l i e d  t h a t  I P 2 had a second messenger f u n c t i o n  and was 
produced by t h e  r e c e p t o r - m e d i a t e d  h y d r o l y s i s  o f  P I P .  The  
i n a b i l i t y  t o  h a l t  d e g r a d a t i o n  w i t h  L i + may have been because  
o f  i n a d e q u a t e  c o n c e n t r a t i o n s .  The l e v e l s  o f  L i + in  t h e  
r e a c t i o n s  w ere  d e r i v e d  f ro m  mammalian c e l l  e x p e r i m e n t s  and
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t h e s e  may n o t  have been s u f f i c i e n t  t o  i n h i b i t  y e a s t  
r e a c t i o n s .  Perhaps t h e  d e g r a d a t i v e  pathway i s  p r e s e n t ,  b u t  
d i f f e r s  f ro m  t h a t  in  h i g h e r  e u k a r y o t e s .
I t  i s  p r o b a b le  t h a t  t h e  a t t e m p t s  t o  a s s ig n  s p e c i f i c  
a c t i v i t i e s  t o  t h e  i n o s i t o l  pho spha te  pho s p h a ta s e s  w ere  
e x p e r i m e n t a l l y  f l a w e d .  I t  i s  l i k e l y  t h a t  t h e  c o n c e n t r a t i o n s  
o f  t r a c e r  used in  t h e s e  e x p e r im e n t s  were w e l l  below t h e  
s a t u r a t i o n  l e v e l s  f o r  t h e  p u t a t i v e  enzymes.  The a c t i v i t y  
d e t e c t e d  would  t h e r e f o r e  be p r o p o r t i o n a l  t o  t h e  amount o f  
s u b s t r a t e  s u p p l i e d  and t h e  r e a c t i o n s  may n o t  have p ro c e e d e d  
a t  Vmax. The s u b s t r a t e  would  have been l i m i t i n g  and hence  
t h e  r e s u l t  would  n o t  be a t r u e  r e f l e c t i o n  o f  t h e  enzy m e ’ s 
a c t i v i t y .  As n e i t h e r  e q u i m o l a r  amounts o f  t h e  t r a c e r s  w ere  
used nor  t h e  same number o f  r a d i o a c t i v e  c o u n t s ,  t h e  r e s u l t s  
a r e  n o t  s t r i c t l y  c o m p a ra b le .  The e x t r e m e l y  low t u r n o v e r  
r a t e s  r e c o r d e d  i m p l i e d  t h a t  t h e  d e g r a d a t i o n  was n o t  m e d ia t e d  
by enzyme a c t i v i t y .  F u r t h e r  i n f o r m a t i o n  c o u ld  however  be 
g a in e d  i f  e x p e r im e n t s  were p e r fo r m e d  u s in g  a range  o f  t r a c e r  
c o n c e n t r a t i o n s ,  th e n  t u r n o v e r  r a t e s  c o u ld  be a s s o c i a t e d  w i t h  
s u b s t r a t e  l e v e l s .  I t  may th e n  be p o s s i b l e  t o  draw  
c o n c l u s i o n s  a b o u t  t h e  s p e c i f i c  a c t i v i t i e s .
T h r e e  in d e p e n d e n t  d e g r a d a t i o n s  were m o n i t o r e d ,  p o s s i b l y  
r e s u l t i n g  f rom  p h o s p h a ta s e  a c t i v i t i e s ,  b u t  t h e  r a t e s  o f  
r e a c t i o n  were n o t  as e x p e c t e d .  F u r t h e r  e v i d e n c e  was p r o v i d e d  
f o r  t h e  e x i s t e n c e  o f  an i n o s i t o l  phosphate  d e g r a d a t i o n  
pathway in  th e  y e a s t  S a c c h . c e r e v i s i a e ,  b u t  i t  would  seem
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u n l i k e l y  t h a t  t h e  I P 1 ph o s p h a ta s e  a c t i v i t y  would  be more  
th a n  1500 t im e s  f a s t e r  th a n  t h e  I P 3 p h o s p h a ta s e  a c t i v i t y  i f  
t h e  system f u n c t i o n e d  in  t h e  same way as in  mammalian c e l l s  
where t h e  p r i m a r y  r o l e  i s  t o  h a l t  th e  a c t i v i t y  o f  I P 3 . An 
e x t r e m e l y  f a s t  a c t i v i t y  f o r  I P 3 ph o s p h a ta s e  would  a l s o  h e l p  
t o  e x p l a i n  t h e  i n a b i l i t y  t o  d e t e c t  I P 3 i n  a y e a s t  c e l l  
e x t r a c t .  The r e s u l t s  d i d  n o t  s u p p o r t  t h i s  p r e m is e  and i t  
c o u ld  be c on c lu ded  t h a t  I P 3 was e i t h e r  p roduced  i n  v e r y  
s m a l l  q u a n t i t i e s  o r  n o t  a t  a l l .  The r e s u l t  o b t a i n e d  
i n d i c a t e d  t h a t  t h e  ph o s p h a ta s e  enzymes p r e s e n t  w ere  more  
s p e c i f i c  f o r  I P 2 and IP-j d e g r a d a t i o n ,  p e rh a p s  i m p l y i n g  t h a t  
t h e s e  i n o s i t o l  p h o sphates  were more i m p o r t a n t  i n t e r m e d i a t e s  
i n  y e a s t  m e ta b o l is m  th a n  I P 3 . I t  c o u ld  a l s o  be c o n c lu d e d  
however t h a t  t h e  I P 3 p h o s p h a ta s e  a c t i v i t y  was d i s t r i b u t e d  
between both  t h e  membrane and c y t o s o l i c  f r a c t i o n s .  The  
a c t i v i t y  re c o r d e d  w i t h  t h e  b roken  s p h a e r o p l a s t s  ( 1 . 3 9  x 10“ 
12 mmol mg-1 m l-1 m in” 1 ) was f a s t e r  th a n  t h a t  o b s e r v e d  u s in g  
j u s t  t h e  c y t o s o l i c  f r a c t i o n  ( 8 . 8  x 10” 14 mmol mg” 1 m l” 1 m in” 
1 ) .  No o t h e r  i n f o r m a t i o n  was a v a i l a b l e  t o  compare t h e s e  
r e s u l t s ,  b u t  f a c t o r s  i n c l u d i n g  s t r a i n ,  g row th  c o n d i t i o n s  and 
methods o f  a n a l y s i s  may e f f e c t  t h e  a c t i v i t i e s  o f  t h e  enzymes  
making i t  d i f f i c u l t  t o  draw g e n e r a l  c o n c l u s i o n s .
I P 3 k i n a s e  a c t i v i t y  was m o n i to r e d  t o  i n v e s t i g a t e  w h e t h e r ,  in  
y e a s t ,  I P 3 was p r e f e r e n t i a l 1y d e a c t i v a t e d  by c o n v e r s i o n  t o  
I P 4 . A l th o u g h  an I P 3 k i n a s e  was d e f i n i t e l y  p r e s e n t ,  i t  d i d  
n o t  have t h e  t u r n o v e r  c h a r a c t e r i s t i c s  p r e d i c t e d  f o r  t h e  
removal  o f  a second m essenger .  I n  t h e  b u f f e r  used b o th  I P 3
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k i n a s e  and I P 3 p h o s p h a ta s e  were a c t i n g  s i m u l t a n e o u s l y ,  and 
I P 3 p h o s p h a ta s e  had t h e  h i g h e r  s p e c i f i c  a c t i v i t y .  A l th o u g h  
t h i s  p r o v i d e d  more e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  t h e  P I  
t r a n s d u c t i o n  system  in  y e a s t ,  by i s o l a t i n g  a new enzyme and 
i n t e r m e d i a t e ,  i t  d i d  n o t  e x p l a i n  t h e  i n a b i l i t y  t o  d e t e c t  
I P 3< The e v i d e n c e  s u g g e s te d  t h a t  ° H - I P 3 was n o t  d eg ra ded  a t  
a p a r t i c u l a r l y  f a s t  r a t e ,  e i t h e r  by a k i n a s e  o r  a 
p h o s p h a ta s e .  I t  must be c o n c lu d e d  t h a t  I P 3 was n o t  produced  
o r  was u n d e t e c t a b l e  due t o  i t s  p r e s e n c e  in  v e r y  low 
c o n c e n t r a t i  o n s .
I P 2 k i n a s e  a c t i v i t y  e i t h e r  does n o t  e x i s t  o r  o p e r a t e  in  
y e a s t .  T h i s  a g re e d  w i t h  t h e  o b s e r v a t i o n s  made in  mammalian  
c e l l s  (Downes e t  a 7 . ,  198 9 )  b u t  p o s s i b l y  c o n t r a d i c t s  t h e  
t h e o r y  t h a t  I P 2 may a c t  as a second messenger .  The d i s c o v e r y  
o f  I P 3 p h o s p h a ta s e  and k i n a s e  a c t i v i t i e s  s u g g e s te d  t h a t ,  as  
in  mammalian c e l l s ,  I P 3 p l a y s  a more i m p o r t a n t  r o l e  th a n  
I P 2 . F u r t h e r  work i s  r e q u i r e d  t o  s u b s t a n t i a t e  t h i s  and 
i n v e s t i g a t e  t h e  s p e c i f i c i t y  o f  t h e  k i n a s e .  Pe rh aps  t h e  
r e s u l t s  o b t a i n e d  in  v i t r o  bore  no rese m b lanc e  t o  a c t i v i t i e s  
i n  v i v o  and t h e  a c t u a l  t u r n o v e r  o f  i n o s i t o l  ph o s p h a te s  i s  
a c t u a l l y  much f a s t e r .  The e l u c i d a t i o n  o f  t h e  p h o s p h a ta s e  
d e g r a d a t i o n  pathway and t h e  e x i s t e n c e  o f  I P 3 k i n a s e  in  y e a s t  
have shown p a r t s  o f  t h e  s i g n a l l i n g  system a r e  common t o  both  
s i m p le  and h i g h e r  e u k a r y o t e  c e l l s .  I t  i s  n o t  known however  
i f  t h e s e  pa thw ays  have common f u n c t i o n s  o r  respond  in  t h e  
same way.
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4 . 8  The Assay o f  P h o s p h o l ip a s e  C
T h r o u g h o u t  t h e  i n v e s t i g a t i o n ,  i t  was n o t  p o s s i b l e  t o  
d e m o n s t r a t e  t h e  c o n v e r s io n  o f  c e l l u l a r  P I P 2 t o  I P 3 o r  t h e  
h y d r o l y s i s  o f  e xo g en o u s ly  added H - P I P 2 u s in g  a v a r i e t y  o f  
t e c h n i q u e s  and c e l l  p r e p a r a t i o n s . T h i s  i m p l i e d  t h a t  
p h o s p h o l ip a s e  C does n o t  e x i s t  o r  o p e r a t e  i n  y e a s t  and t h e  
PI  s i g n a l  t r a n s d u c t i o n  system  does n o t  f u n c t i o n  as in  
mammalian c e l l s .  K a ib u c h i  e t  a 7. ( 1986 )  and Schomerus and 
K u n tz e l  ( 1 9 9 2 )  r e p o r t e d  t h a t  P I P 2 t u r n o v e r  c o u ld  be 
s t i m u l a t e d  by g lu c o s e  and n i t r o g e n  r e s p e c t i v e l y  w i t h  t h e  
su b s e q u e n t  p r o d u c t i o n  o f  I P 3 , b u t  t h e s e  r e s u l t s  may be 
a t t r i b u t a b l e  t o  th e  p r o d u c t i o n  o f  G P IP2 . No c o n c l u s i v e  
e v i d e n c e  e x i s t s  f o r  t h e  r e c e p t o r  m e d ia te d  h y d r o l y s i s  o f  P I P 2 
t o  DAG and I P 3 in  y e a s t .
L a b e l l i n g  s t u d i e s  showed t h a t  P I P 2 was d e f i n i t e l y  p r e s e n t  in  
t h e  p lasma membrane, and g l u c o s e - s t i m u l a t i o n  o f  s t a r v e d ,  
c e l l s  showed t h a t  t h e  d e a c y l a t i o n  b y - p r o d u c t  o f  P I P 2 c o u ld  
be produced as a r e s u l t  o f  p h o s p h o l ip a s e  A a c t i v i t y .  
E v o l u t i o n  may have removed t h e  t r i p h o s p h o i n o s i t i d e  i f  i t  was 
n o t  e s s e n t i a l ,  a l t h o u g h  t h e  p o s s i b i l i t y  o f  a v e s t i g i a l  
e x i s t e n c e  must n o t  be i g n o r e d .  C o n v e r s e l y ,  i n o s i t o l  
p h o s p h o l i p i d s  in  y e a s t  may be s i m p ly  f o r  t h e  m a in te n a n c e  o f  
s t r u c t u r a l  i n t e g r i t y  o f  t h e  membrane, e s p e c i a l l y  i f  t h e  
enzymes r e q u i r e d  t o  m e t a b o l i z e  P I P 2 a r e  n o t  p r e s e n t .  Y e a s t  
may deg ra de  PIP  i n s t e a d  o f  P I P 2 and u t i l i z e  I P 2 as a second  
m essenger .  T h i s  would h e l p  t o  e x p l a i n  th e  d e t e c t i o n  o f  I P 2
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and I P 1 , and t h e  i n a b i l i t y  t o  o b s e r v e  I P 3 p r o d u c t i o n .  I t  i s  
p o s s i b l e  t h a t  t h e  s i g n a l l i n g  system e x i s t s  and o p e r a t e s  in  
y e a s t ,  b u t  t h e  c o r r e c t  c o n d i t i o n s  and s t i m u l u s  w ere  n o t  
a p p l i e d ,  o r  t h e  i n a b i l i t y  t o  d e t e c t  P I P 2- d e r i v e d  I P 3 was due 
t o  i n s u f f i c i e n t  r a d i o a c t i v e  l a b e l l i n g  o r  damage t o  t h e  
enzyme o r  p h o s p h o l i p i d  d u r i n g  t h e  a s s a y .  The absence  o f  
e v i d e n c e  t o  show r e c e p t o r - m e d i a t e d  h y d r o l y s i s  o f  P I P 2 t o  t h e  
second messengers  i s  a m a jo r  h i n d r a n c e  t o  t h e  n o t i o n  o f  a 
t r a n s d u c t i o n  system  in  y e a s t .  W i t h o u t  t h i s  e v i d e n c e ,  a 
m a m m a l ia n -1 i k e  pathway can n o t  be co n c lu d ed  t o  o p e r a t e  in  
y e a s t .  F u r t h e r  e x p e r i m e n t s ,  com par ing  t h e  b e h a v i o u r  o f  t h e  
p u t a t i v e  pathway under  v a r y i n g  c o n d i t i o n s  w ere  n o t  p e r fo rm e d  
due t o  i n s u f f i c i e n t  e v i d e n c e .
'k  . . .I n  summary, t h e  u p t a k e  o f  H - m o s i t o l  and d i s t r i b u t i o n  t o  
t h e  i n o s i t o l  p h o s p h o l i p i d s  p r o v i d e d  good background e v id e n c e  
f o r  t h e  e x i s t e n c e  o f  t h e  pathway in  y e a s t ,  and t h e  r e g u l a r  
d e t e c t i o n  o f  peaks t h a t  e l u t e d  f ro m  an a n io n  exchange column  
w i t h  t h e  r e t e n t i o n  p r o p e r t i e s  o f  I P 2 , IP-| and GPI i n d i c a t e d  
t h a t  some k in d  o f  t u r n o v e r  was t a k i n g  p l a c e .  The i n a b i l i t y  
t o  d e t e c t  I P 3 was a c o m p l i c a t i n g  f a c t o r ,  b u t  i t  was 
i n i t i a l l y  t h o u g h t  t h a t  r a p i d  m e ta b o l is m  and low 
c o n c e n t r a t i o n s  were r e s p o n s i b l e .  A w ide  range  o f  t e c h n i q u e s  
and a s s ays  were f o c u s s e d  on t h e
p r o d u c t i o n / d e t e c t i o n / b r e a k d o w n  o f  I P 3 in  y e a s t  because o f  
t h e  u b i q u i t o u s  n a t u r e  o f  t h e  t r i s p h o s p h a t e  i n  h i g h e r  c e l l s .  
I t  was e s s e n t i a l  t o  e l i m i n a t e  a l l  a s p e c ts  o f  e x p e r i m e n t a l  
e r r o r  and a m b i g u i t y  b e f o r e  t h e  p re s e n c e  o r  absence  o f  t h i s  
i n t e r m e d i a t e  c o u ld  be d e c l a r e d .  E v id e n ce  f o r  t h e  absence o f
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I P 3 i n c l u d e d  i t s  u n d e t e c t a b i l i t y  and t h e  i n a b i l i t y  o f  y e a s t  
c e l l  p r e p a r a t i o n s  t o  c o n v e r t  exogenous P I P 2 t o  I P 3 . 
C o n v e r s e l y ,  enzymes c a p a b l e  o f  d ep h o s p h o ry 1a t i n g  I P 3 t o  I P 2 
and f u r t h e r  p h o s p h o ry 1a t i n g  t h e  t r i s p h o s p h a t e  t o  I P 4 have  
been d e t e c t e d  and ass a y e d .  I n  c o n c l u s i o n ,  t h e  r e s u l t s  would  
a p p e a r  t o  s u g g e s t  t h e  p r e s e n c e  o f  a t r a n s d u c t i o n  pa thw ay ,  
b u t  one in  which I P 3 does n o t  n e c e s s a r i l y  p l a y  a m a jo r  r o l e .  
The s i g n a l  t r a n s d u c t i o n  system  e s t a b l i s h e d  i n  mammalian  
c e l l s  which  i s  based on t h e  a c t i v a t i o n  o f  p h o s p h o l ip a s e  C, 
l e a d i n g  t o  t h e  f o r m a t i o n  o f  DAG and I P 3 does n o t  a p p e a r  t o  
o p e r a t e  in  t h e  y e a s t  Sacch.  c e r e v i s i a e .  Hawkins e t  a 7. 
( 1 9 9 2 b )  proposed t h a t  t h i s  was n o t  p a r t i c u l a r l y  s u r p r i s i n g  
s i n c e  t h i s  system i s  d e s ig n e d  in  h i g h e r  c e l l s  t o  a l l o w  c e l l ­
c e l l  com m unica t ion  (b y  c o u p l i n g  c e l  1- s u r f a c e  r e c e p t o r s  t o  
i n t r a c e l 1u l a r  m e t a b o l is m )  and y e a s t  i s  a u n i c e l l u l a r  
o rg a n is m  w here ,  as f a r  as i s  known, t h e  o n l y  i n t e r c e l 1u l a r  
c o m m unica t ion  i s  v i a  t h e  m a t in g  pheromone sys te m .
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